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Re: Application for Extension of Patent Term Under ^5 U 
Patent No.: U.S. Patent 6,599,498 
Our File: 1275/700- 




Dear Commissioner: 

("inclosed please find the following: 

L Original Application for Extension of Patent Tltiu Under 35 U.S.C. § 156, with 
exhibits (A)-(J); 

2. Certificate of Express Mailing; 

3. Four (4) copies of Application for Extension of Patent Term Under 35 U.S.C. § 
156, with exhibits (A)-(J); and 

4. 'Return Postcard. 

Authorization is hereby made to charge the amount of $1,120.00 to Deposit Account No. 19- 
4972 pursuant to 37 C.F.R. § i .20(j). 

Charge any additional fees required by this paper or credit any overpayment in the manner 
authorized above. 
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Sincerely, / 



Bruce D. Sunstein 




BDS/ 



Enclosures 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



U.S. Patent 6,599,498 ("Heat Stable Colloidal Iron Oxides Coated with 
Reduced Carbohydrates and Carbohydrate Derivatives") 



Issued: 



July 29, 2003 



Filed: 



March 8, 2000 



Inventors: 



Ernest B.V. GROMAN 



Kenneth G. Paul 
Timothy B. Frigo 
Howard Bengele 
Jerome M. Lewis 



Assignee: AMAG Pharmaceuticals, Inc. 

Mail Stop Patent Term Extension 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

TRANSMITTAL OF APPLICATION FOR EXTENSION OF PATENT TERM 

UNDER 35 U.S.C. § 156 

1. Applicant submits herewith the following: 

Cover Letter for Application for Extension of Patent Term Under 35 U.S.C. § 156; 

Original Application for Extension of Patent Term Under 35 U.S.C. § 156, with exhibits 



Four (4) copies of Application for Extension of Patent Term Under 35 U.S.C. § 156, with 
exhibits (A)-(J); and 

Return Postcard. 

2. The fee set forth in §1.20(j)) ($1,120.00), required by 37 C.F.R. § 1.740(14), is paid as 



Authorization is hereby made to charge the amount of $1,120.00 to Deposit Account No. 19- 



Charge any additional fees required by this paper or credit any overpayment in the manner 
authorized above. >t . A 



(A)-(J); 



follows: 



4972. 



Date: July 24, 2009 




Registration No. 27,234 

SUNSTEIN KANN MURPHY & TIMBERS LLP 
125 Summer Street 



Boston, MA 021 10-1618 
617-443-9292 
Customer No. 002101 



01275/00700 1119384.1 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re: U.S. Patent 6,599,498 ("Heat Stable Colloidal Iron Oxides Coated with Reduced 

Carbohydrates and Carbohydrate Derivatives") 

Issued: July 29, 2003 

Filed: March 8, 2000 

Inventors: Ernest B.V. GROMAN 

Kenneth G. Paul 
Timothy B. Frigo 
Howard Bengele 
Jerome M. Lewis 

Assignee: AMAG Pharmaceuticals, Inc. 

Mail Stop Patent Term Extension 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. S 156 

Dear Commissioner: 

Applicant, AMAG Pharmaceuticals, Inc. (formerly known as Advanced Magnetics, Inc.), 
acting through its duly authorized attorney, hereby submits this application for extension of 
patent term under 35 U.S.C. § 156 by providing the following information required by the 
rules promulgated by the PTO (37 C.F.R. § 1.710 - 1.785). For the convenience of the PTO, 
the information presented in this application is in a format which follows the requirements of 
37 C.F.R. § 1.740. 

(1) A complete identification of the approved product as by appropriate 
chemical and generic name, physical structure or characteristics. 

The approved product, Feraheme™ (ferumoxytol) Injection (hereinafter "the AMAG 

Product"), known generically as ferumoxytol, is indicated for the treatment of iron deficiency 

anemia in adult patients with chronic kidney disease. The AMAG Product is a non- 

07/28/2989 MBELETE1 80080883 194972 6599498 
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stoichiometric magnetite (superparamagnetic iron oxide) coated with polyglucose sorbitol 
carboxymethylether and is formulated with mannitol. The AMAG Product is a black to reddish 
brown liquid. Each mL of the sterile colloidal solution of the AMAG Product contains 30 mg of 
elemental iron and 44 mg of mannitol, and has low bleomycin-detectable iron. The formulation 
is isotonic with an osmolality of 270-330 mOsm/kg. The product contains no preservatives, and 
has a pH of 6 to 8. The chemical formula of the AMAG Product is Fe587408752- 
Cn7i9Hi8682 0 9933Na4i4 with an apparent molecular weight of 750 kDa. The active ingredient of 
the AMAG Product is a non-stoichiometric magnetite (superparamagnetic iron oxide) coated 
with polyglucose sorbitol carboxymethylether. 

(2) A complete identification of the Federal statute including the applicable 
provision of law under which the regulatory review occurred. 

The AMAG Product was subject to regulatory review under the Federal Food, Drug and 

Cosmetic Act Section 505 (21 U.S.C. § 355). 

(3) An identification of the date on which the product received permission for 
commercial marketing or use under the provision of law under which the 
applicable regulatory review period occurred. 

The AMAG Product received permission for commercial marketing or use under Section 

505 of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355) on June 30, 2009 (NDA 22- 

180). See Attachment A (FDA Approval Letter). 
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(4) In the case of a drug product, an identification of each active ingredient in the 
product and as to each active ingredient, a statement that it has not been 
previously approved for commercial marketing or use under the Federal Food, 
Drug, and Cosmetic Act, the Public Health Service Act, or the Virus-Serum- 
Toxin Act, or a statement of when the active ingredient was approved for 
commercial marketing or use (either alone or in combination with other active 
ingredients), the use for which it was approved, and the provision of law 
under which it was approved. 

The active ingredient of the AMAG Product is ferumoxytol. The active ingredient has not 

been previously approved for commercial marketing or use under Section 505 or any other section 

of the Federal Food, Drug and Cosmetic Act prior to its approval in NDA 22-180 by the FDA. It 

has not been approved for commercial marketing or use under the Public Health Service Act, or 

the Virus-Serum-Toxin Act. 

(5) A statement that the application is being submitted within the sixty day 
period permitted for submission pursuant to § 1.720(f) and an identification of 
the date of the last day on which the application could be submitted. 

This application for extension of patent term under 35 U.S.C. § 156 is being submitted 

within the permitted 60 day period pursuant to 37 C.F.R. § 1.720(f), the last day of which is 



(6) A complete identification of the patent for which an extension is being sought 
by the name of the inventor, the patent number, the date of issue, and the date 
of expiration. 

The complete identification of the patent for which extension is being sought is as 



August 28, 2009. 



follows; 



Inventors: 



Ernest B.V. Groman 



Kenneth G. Paul 
Timothy B. Frigo 
Howard Bengele 
Jerome M. Lewis 



Patent Number: 



6,599,498 



Issue Date: 



July 29, 2003 
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JUL I * a 

PradSftioner's Docket No. 1275/700 PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: U.S. Patent 6,599,498 ("Heat Stable Colloidal Iron Oxides Coated with Reduced 
Carbohydrates and Carbohydrate Derivatives") 

Issued: July 29, 2003 

Filed: March 8, 2000 

Inventors: Ernest B.V. GROMAN 

Kenneth G. Paul 
Timothy B. Frigo 
Howard Bengele 
Jerome M. Lewis 

Assignee: AMAG Pharmaceuticals, Inc. 

Mail Stop Patent Term Extension 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 

EXPRESS MAIL CERTIFICATE 

"Express Mail*' label number EV626471666 
Date of Deposit 07/24/2009 

I hereby state that the following attached paper or fee 

Cover Letter for Application for Extension of Patent Term Under 35 U.S.C. § 156; 

Original Application for Extension of Patent Term Under 35 U.S.C. § 156, with exhibits (A)-(J); 

Four (4) copies of Application for Extension of Patent Term Under 35 U.S.C. § 156, with exhibits 
(A)-(J); and 

Return Postcard. 



are being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service 
under 37 C.F.R. § 1.10, on the date indicated above and is addressed to the Commissioner for Patents, 
P.O. Box 1450, Alexandria, VA 22313-1450. 



Signature of person mailing paper or fee 

01275/00700 1119407.1 

Express Mail Certificate-- page 1 of 1 




Expiration Date: March 8, 2020 

(7) A copy of the patent for which an extension is being sought, including the 
entire specification (including claims) and drawings. 

See Attachment B for a complete copy of the patent identified in paragraph (6) hereof. 

(8) A copy of any disclaimer, certificate of correction, receipt of maintenance 
fee payment, or reexamination certificate issued in the patent. 

See Attachment C for copies of the Certificates of Correction that issued for U.S. 
Patent 6,599,498 on March 2, 2004 and January 27, 2009, respectively. No re-examination 
certificate has been issued with respect to U.S. Patent 6,599,498. No disclaimer has been 
filed with respect to U.S. Patent 6,599,498. Enclosed at Attachment D is a copy of the 
Maintenance Fee Statement which shows that the first maintenance fee (3 V% year 
maintenance fee) has been paid. 

(9) A statement that the patent claims the approved product, or a method of 
using or manufacturing the approved product, and a showing which lists 
each applicable patent claim and demonstrates the manner in which at 
least one such patent claim reads on: 

(i) The approved product, if the listed claims include any 
claim to the approved product; 

(ii) The method of using the approved product, if the listed 
claims include any claim to the method of using the approved 
product; 

and 

(iii) The method of manufacturing the approved product, if the listed 
claims include any claim to the method of manufacturing the 
approved product 

The statements provided herein are made solely to comply with the requirements of 37 
C.F.R. 1.740(a)(9). As acknowledged by M.P.E.P., 37 C.F.R. 1.740(a)(9) does not require 
applicant to show whether or how the listed claims would be infringed, and this question 
cannot be answered without specific knowledge concerning acts performed by third parties. 
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As such, the following are not assertions or admissions by Applicant as to the scope of the 
listed claims, or whether or how any of the listed claims would be infringed, literally or under 
the doctrine of equivalents, by the manufacture, use, sale, offer for sale or importation of any 
product. 

U.S. Patent 6,599,498 has claims covering the approved product (claims 12-21 and 25- 
26) as well as methods of manufacturing the approved product (claims 1-11, and 23-24). The 
relevant claims 1 of the patent read as follows: 

1 . A method of providing an iron oxide complex for administration to a mammalian subject, 
the method consisting of: 

producing a carboxyalkylated reduced polysaccharide iron oxide complex; and sterilizing 
the complex by autoclaving. 

2. A method according to claim 1, wherein the reduced polysaccharide is a reduced polymer 
of glucose. 

3. A method according to claim 2, wherein the reduced polymer of glucose is a reduced 
dextran. 

4. A method according to claim 1, wherein the reduced polysaccharide is produced by 
reacting a polysaccharide with a reagent selected from the group consisting of: a borohydride 
salt, and hydrogen in the presence of an hydrogenation catalyst. 

5. A method according to claim 1, wherein producing the complex includes 
carboxyalkylating a reduced polysaccharide by carboxymethylation. 

6. A method according to claim 5, wherein the reduced polysaccharide is a reduced dextran. 



This listing of the claims includes wording that gives effect to language issued in a Certificate of Correction on 
January 27, 2009. 
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7. A method according to claim 6, wherein the administration to a mammalian subject is 
administration to a human. 

8. A method according to claim 1, wherein the carboxyalkylated, reduced polysaccharide 
isolated as a sodium salt does not contain an infrared absorption peak in the region of about 1650 
cm" 1 to about 1800 cm" 1 . 

9. (once amended) A method according to claim 1, wherein producing the carboxyalkylated 
reduced polysaccharide is achieved at a temperature of less than about 50 °C. 

10. A method according to claim 9, wherein producing the carboxyalkylated reduced 
polysaccharide is achieved at a temperature of less than about 40 °C. 

11. A method according to claim 1 , wherein the iron oxide is superparamagnetic. 

12. A reduced polysaccharide iron oxide complex produced according to the method of claim 
1, wherein the produced complex is stable at a temperature of at least 100 °C. 

13. A reduced carboxyalkylated polysaccharide iron oxide complex wherein the reduced 
complex is stable at a temperature of about 121 °C. 

14. A reduced polysaccharide iron oxide complex according to claim 13, wherein the reduced 
complex is stable at a temperature of at least about 121 °C for a period of time effective to 
sterilize the complex. 

15. A reduced polysaccharide iron oxide complex according to claim 14, wherein the 
carboxyalkylated reduced polysaccharide is selected from the group consisting of a 
carboxymethyl, carboxyethyl and carboxypropyl reduced polysaccharide. 

16. A reduced polysaccharide iron oxide complex according to claim 15, wherein the reduced 
polysaccharide is a reduced dextran. 

i 
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17. A reduced polysaccharide iron oxide complex according to claim 15, wherein the 
carboxyalkylated reduced dextran is a carboxymethyl reduced dextran. 

18. A reduced polysaccharide iron oxide complex according to claim 16, wherein the 
carboxyalkylated reduced dextran comprises at least about 750 micromole of carboxyl groups 
per gram of polysaccharide. 

19. A reduced polysaccharide iron oxide complex according to claim 18, wherein the 
carboxyalkylated reduced dextran comprises at least about 900 micromole of carboxyl groups 
per gram of polysaccharide. 

20. A reduced polysaccharide iron oxide complex according to claim 19, wherein the 
carboxyalkylated reduced dextran comprises at least about 1100 micromole of carboxyl groups 
per gram of polysaccharide. 

21. A reduced polysaccharide iron oxide complex according to claim 20, wherein the 
carboxyalkylated reduced dextran comprises less than about 1500 micromole of carboxyl groups 
per gram of polysaccharide wherein said complex does not form substantial particulates. 

23. A method of providing a hematinic agent for treating a subject deficient in iron according 
to claim 1, consisting of the steps of: 

formulating a composition which is a carboxymethylated reduced polysaccharide 
ultrasmall iron oxide complex; and 

terminally sterilizing the composition by autoclaving. 

24. A method according to claim 22 or 23, having the further step of providing the 
autoclaved composition in a unit dosage. 
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25. A reduced carboxyalkylated polysaccharide iron oxide complex which is stable at a 
temperature of about 121 °C, wherein a sodium salt of the complex does not contain an infrared 
absorption peak in the region of about 1650 

cm" 1 to about 1800 cm" 1 . 

26. A reduced carboxyalkylated polysaccharide iron oxide complex according to claim 25, 
wherein the polysaccharide is carboxymethylated. 

Following is a summary of the manner by which claims of the patent cover the 
approved product and the method of manufacturing the approved product. Claim 1 , which is 
directed to a method of providing an iron oxide complex for administration to a mammalian 
subject, covers the method of manufacturing the approved product. The approved product is 
a carboxymethylated reduced dextran superparamagnetic iron oxide complex that has been 
sterilized by autoclaving. The limitations of claim 1 require producing a carboxyalkylated 
reduced polysaccharide iron oxide complex (which characterizes the approved product) and 
sterilizing the complex by autoclaving. Accordingly, claim 1 covers the method of 
manufacturing the approved product. 

Claims 2-11 and 23-24, which depend on claim 1, provide further limitations on the 
method of manufacturing described by claim 1, including limitations which specify the 
nature of the reduced polysaccharide, the nature of individual steps utilized in manufacturing 
the carboxyalkylated reduced polysaccharide iron oxide complex, the nature of providing the 
carboxyalkylated reduced polysaccharide iron oxide complex for administration, and the nature 
of certain physicochemical properties of the carboxyalkylated reduced polysaccharide iron 
oxide complex. 
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Claim 1 3 is directed to a reduced carboxyalkylated polysaccharide iron oxide complex 
that is stable at a temperature of about 121 °C. Because the approved product is an autoclavable 
superparamagnetic carboxymethylated reduced dextran iron oxide complex, the language of 
claim 13 covers the approved product. Claims 14-21 and 25-26, which depend on claim 13, 
require further limitations regarding the nature of the thermal stability of the carboxyalkylated 
reduced polysaccharide iron oxide complex, the nature and quantity of the carboxyalkyl 
substituent of the carboxyalkylated reduced polysaccharide iron oxide complex, the nature of the 
polysaccharide of the carboxyalkylated reduced polysaccharide iron oxide complex, and the 
nature of certain physicochemical properties of the carboxyalkylated reduced polysaccharide iron 
oxide complex. 

Thus, U.S. Patent 6,599,498 claims the approved product as well as methods of 
manufacturing the approved product. 
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(10) A statement beginning on a new page of the relevant dates and information 
pursuant to 35 U.S.C. 156(g) in order to enable the Secretary of Health and 
Human Services or the Secretary of Agriculture, as appropriate, to determine 
the applicable regulatory review period as follows: 

(i) For a patent claiming a human drug, antibiotic, or human biological 
product: 

(A) The effective date of the investigational new drug (IND) 
application and the IND number; 

(B) The date on which a new drug application (NDA) 

application or a Product License Application (PLA) was 
initially submitted and the NDA or PLA number; and 

(C) The date on which the NDA was approved or the Product 
License issued. 

The relevant dates and information pursuant to 35 U.S.C. § 156(g) to enable the Secretary 
of Health and Human Services to determine the applicable regulatory review period are as follows: 

(i)(A) The first Investigational New Drug Application (IND 58,254) was filed May 5, 
1999 and became effective on June 4, 1999. The second Investigational New Drug Application 
(IND 62,745) was filed on June 14, 2001 and became effective on July 14, 2001. 

(B) The New Drug Application (NDA 22-180) for the AMAG Product was initially 
submitted to the FDA on December 18, 2007, and 

(C) the New Drug Application (NDA 22-1 80) was approved on June 30, 2009. 
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(11) A brief description beginning on a new page of the significant activities 
undertaken by the marketing applicant during the applicable regulatory 
review period with respect to the approved product and the significant dates 
applicable to such activities. 

A brief description of the significant activities undertaken by marketing applicant during 
the applicable regulatory review period is attached hereto as Attachment E and is a reverse 
chronological synopsis of the major communications between Applicant and the FDA during the 
applicable regulatory review period. 

Applicant reserves the right to supplement the information contained in Attachment E 
with materials from which it was derived or other evidence related to Applicant's conduct in 
obtaining the approval of the AMAG Product. See, e.g., 21 C.F.R. § 60.32. 
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(12) A statement beginning on a new page that in the opinion of the applicant 
the patent is eligible for the extension and a statement as to the length of 
extension claimed, including how the length of extension was determined. 

Applicant is of the opinion that U.S. Patent 6,599,498 is eligible for extension under 35 

U.S.C. § 156 because it satisfies all of the requirements for such extension as follows: 

(a) 35 U.S.C. S 156(a); 37 C.F.R. § 1.720(a) 

U.S. Patent 6,599,498 claims (i) a product, and (ii) a method of 
manufacturing a product, as defined in 37 C.F.R. § 1.710(a). 

(b) 35 U.S.C. S 156(a)(1); 37 C.F.R. 8 1.720(g) 

The term of U.S. Patent 6,599,498 has not expired before submission of this 
application, which is believed to be in compliance with 37 C.F.R. § 1 .741 . 

(c) 35 U.S.C. 8 156(a)(2); 37 C.F.R. 8 1.720(b) 

The term of U.S. Patent 6,599,498 has never been extended under 35 U.S.C. § 
156(e)(1). 

(d) 35U.S.C.8 156(a)(3); 37 C.F.R. 8 1.730 

The application for extension is submitted by a registered practitioner on behalf of 
the owner of record in accordance with the requirement of 35 U.S.C. § 156(d) and the 
rules of the U.S. Patent and Trademark Office, Proof that Applicant is the owner of 
record is provided by the following: (1) a copy of the Assignment of U.S. Patent 
6,599,498 to Advanced Magnetics, Inc. on March 6, 2000 and a copy of the 
Recordation of same with the U.S. Patent and Trademark Office on March 8, 2000 
(Attachments F and G) and (2) a copy of the Change of Name as filed with the 
Delaware Secretary of State showing Advanced Magnetics, Inc. changed its name 
to AMAG Pharmaceuticals, Inc. on July 24, 2007 and a copy of the Recordation of 
same with the U.S. Patent and Trademark Office on January 29, 2008. 
(Attachments H and I). Proof that the registered practitioner is authorized to act on 
behalf of the patent owner is provided by a copy of the power of attorney filed with 
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the U.S. Patent and Trademark Office in connection with U.S. Pat. No. 6,599,498 
on October 27, 2008 (Attachment J). 

(e) 35 U.S.C. 8 156(a)(4); 37 C.F.R. § 1.720(d) 

The AM AG Product has been subject to a regulatory review period as defined in 35 
U.S.C. § 156(g) before its commercial marketing or use. 

(f) 35 U.S.C, 8 156(a)(5)(A): 37 C.F.R. 8 1.720(e)(1) 

The commercial marketing or use of the AMAG Product after the regulatory 
review period is the first permitted commercial marketing or use of the product 
under the provision of the Federal Food, Drug and Cosmetics Act (21 U.S.C. § 
355) under which such regulatory review period occurred. 

(g) 35 U.S.C. 8 156 (c)(4); 37 C.F.R. 8 1.720(h) 

No other patent has been extended for the same regulatory review period for the 
AMAG Product. 

(h) 35 U.S.C. 8 156(d)(1): 37 C.F.R. 81.720(f) 

The application is submitted within the permitted 60 day period beginning on the 
date the product first received permission for commercial marketing or use. 

(i) The length of extension of the patent term of U.S. Patent 6,599,498 claimed by 
applicant is 1209 days. The length of extension was determined pursuant to 35 U.S.C. § 
156(g)(1) and 37 C.F.R. § 1.775(c) as follows: 

(i) The regulatory review period under 35 U.S.C. § 156(g)(1)(B) began 
June 4, 1999 and ended June 30, 2009, a total of 3681 days, which 
is the sum of (ii) and (iii) below; 

(ii) The period of review under 35 U.S.C. § 1 56(g)(l)(B)(i), the IND 
period, began on June 4, 1999 and ended on December 18, 2007, 
which is 3120 days. 
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(iii) The period of review under 35 U.S.C. § 156(g)(l)(B)(ii), the 
Application Period, began on December 18, 2007 and ended 

i 

June 30, 2009, which is 561 days. 

(j) The regulatory review period upon which the period of extension is calculated is the 
entire regulatory review period as determined in subparagraph 12(i)(i) hereof (3681 days) 
less: 

(i) The number of days in the regulatory review period which were on 
or before the date on which the patent issued (July 29, 2003), which 
is 1517 days, and 

(ii) The number of days during which applicant did not act with due 
diligence, which is zero (0) days, and 

(iii) One-half the number of days determined in subparagraph 
12(i)(ii) hereof (3120) after subtracting therefrom the number 
of days of subparagraphs (12)(j)(i) and (j)(ii) hereof (1517 days 
in total), or 801.5 days (half days are ignored for purposes of 
subtraction), which totals 1363 days. 

(k) The number of days as determined in subparagraph 12(j)(iii) hereof (1363 days) 
when added to the original term of the patent would result in the date December 1, 2023. 

(1) Fourteen (14) years when added to the date of the NDA approval (June 30, 2009) 
would result in the date June 30, 2023. 

(m) The earliest date as determined in paragraphs 12(k) and 12(1) is June 30, 2023. 

(n) The issuance of the original exemption occurred after September 24, 1984. Five 
(5) years when added to the original expiration date of the patent (March 8, 2020) would 
result in the date March 8, 2025. 

(o) The earlier date as determined in paragraphs (m) and (n) is June 30, 2023. The 
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patent is currently set to expire on March 8, 2020. Therefore, the length of extension of 
patent term claimed by applicant is 1209 days. 
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(13) A statement that the Applicant acknowledges a duty to disclose to the Director 
of the U.S. Patent and Trademark Office and to the Secretary of Health and 
Human Services or the Secretary of Agriculture any information which is 
material to the determination of entitlement to the extension sought. 

Applicant acknowledges a duty to disclose to the Commissioner of Patents and 

Trademarks and the Secretary of Health and Human Services any information which is material to 

the determination of entitlement to the extension sought. 

(14) Prescribed Fee: 

The prescribed fee pursuant to 37 C.F.R. § 1.20(j) for receiving and acting upon this 
application is to be charged to the Deposit Account of Applicant as authorized in the attached letter. 

(15) The name, address and telephone number of the person to whom 
inquiries and correspondence relating to the application for patent term 
extension are to be directed: 

Bruce D. Sunstein 

Sunstein Kann Murphy & Timbers LLP 
Boston, MA 02110 
(617) 443-9292 (ext. 211) 
(617) 443-0004 (Fax) 

Four copies of these application papers, certified as such, are being submitted herewith, in 
compliance with 37 C.F.R. § 1.740(b) and as suggested by MPEP § 2753. 




Bruce D. Sunstein 

Reg. No. 27,234 

Attorney for Applicant 

Sunstein Kann Murphy & Timbers LLP 

Boston, MA 021 10 

(617) 443-9292 (ext. 366) 

(617) 443-0004 (Fax) 

01275/00700 940305.1 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 



Public Health Service 



Food and Drug Administration 
Rockville, MD 20857 . 



NDA 22-180 



NBA APPROVAL 



AMAG Pharmaceuticals, Inc 
Attention: Mohammed Salem, Ph.D., RAC 
100 Hayden Avenue 
Lexington, MA 02421 



Dear Dr. Salem: 

Please refer to your new drug application (NDA) dated December 1 8, 2007, received 
December 19, 2007, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic 
Act for Feraheme™ (ferumoxytol) Injection. 

We acknowledge receipt of your submissions dated February 27, April 3, 10, 14 and 28, May 20, 
June 5 and 23, July 14, 16 and 24, August 4, 5 and 7, September 3 (2), 5, 22 (2), 23, 24 and 25, 
October 1, 3 and 30, December 17, 2008; January 7, February 10, March 20 and 30, April 8, 14 
and 29 (2), May 5 and 26, June 4, 9, 1 0, 1 6 and 1 8, 2009. 

The April 29, 2009, submission constituted a complete response to our December 22, 2008, 
action letter. 

This new drug application provides for the use of Feraheme™ (ferumoxytol) Injection for the 
treatment of iron deficiency anemia in adult patients with chronic kidney disease (CKD). 

We have completed our review of this application, as amended. It is approved, effective on the 
date of this letter, for use as recommended in the enclosed agreed-upon labeling text. 

PEDIATRIC RESEARCH EQUITY ACT fPREA) 

All applications for new active ingredients, new dosage forms, new indications, new routes of 
administration, and new dosing regimens are required to contain an assessment of the safety and 
effectiveness of the product in pediatric patients unless this requirement is waived or deferred. 
We are waiving the pediatric study requirement for ages 0 to < 2 years and deferring pediatric 
studies for ages 2 to < 18 years for this application. 

Your deferred pediatric studies required under section 2 of the Pediatric Research Equity Act 
(PREA) are considered required postmarketing requirements. The statuses of these 
postmarketing studies shall be reported annually according to 21 CFR 314.81. These 
requirements are listed below. 

1 . To conduct a clinical trial in pediatric patients aged 2 to < 1 8 years who have iron deficiency 
anemia and who are receiving either hemodialysis or peritoneal dialysis. In addition to any 
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other items, the trial will obtain pharmacokinetic (PK), pharmacodynamic (PD) arid safety 
data from at least 50 patients exposed to ferumoxytol. In this trial, patients will be 
randomized to oral iron (25 patients) or one of two dose ferumoxytol dose regimens (25 
patients in each dose cohort). Endpoints will consist of PK, PD, comparisons of hemoglobin 
changes and safety summaries. 

The timetable you submitted on June 9, 2009, states that you will conduct this study 
according to the following timetable: 

Final clinical protocol submission date: December 2009 . 
Clinical trial completion date: April 2013 

Final trial report submission date: October 201 3 

2. To conduct a clinical trial in pediatric patients aged 2 to < 1 8 years who have iron deficiency 
anemia and chronic kidney disease that does not require dialysis. In addition to any other 
items, the trial will obtain pharmacokinetic (PK), pharmacodynamic (PD) and safety data 
from at least 50 patients exposed to ferumoxytol. In this trial, patients will be randomized to 
oral iron (25 patients) or one of two dose ferumoxytol dose regimens (25 patients in each 
dose cohort). Endpoints will consist of PK, PD, comparisons of hemoglobin changes and 
safety summaries. 

The timetable you submitted on June 9, 2009, states that you will conduct this study 
according to the following timetable: 



Submit final study reports to this NDA. For administrative purposes, all submissions related to 
these pediatric postmarketing study requirements must be clearly designated "Pediatric Study 
Requirements". 

CONTENT OF LABELING 



As soon as possible, but no later than 14 days from the date of this letter, please submit the 
content of labeling [21 CFR 314.50(1)] in structured product labeling (SPL) format as described 
at http://www.fda.gov/oc/datacouriCil/spl.html that is identical to the enclosed labeling (text for 
the package insert) and/or submitted labeling (package insert submitted June 18, 2009). Upon 
receipt, we will transmit that version to the National Library of Medicine for public 
dissemination. For administrative purposes, please designate this submission, "SPL for approved 
NDA 22-180." 



Final clinical protocol submission date: 
Clinical trial completion date: 
Final trial report submission date: 



December 2009 
April 2013 
October 2013 
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CARTON AND IMMEDIATE CONTAINER LABELS 

Submit final printed carton and container labels that are identical to the enclosed carton and 
immediate container labels and/or submitted carton and immediate container labels as soon as 
they are available, but no more than 30 days after they are printed. Please submit these labels 
electronically according to the guidance for industry titled Providing Regulatory Submissions in 
Electronic Format - Human Pharmaceutical Product Applications and Related Submissions 
Using the eCTD Specifications (October 2005). Alternatively, you may submit 12 paper copies, 
with 6 of the copies individually mounted on heavy-weight paper or similar material. For 
administrative purposes, designate this submission "Final Printed Carton and Container 
Labels for approved NDA 22-180." Approval of this submission by FDA is not required before 
the labeling is used. 

Marketing the product with FPL that is not identical to the approved labeling text may render the 
product misbranded and an unapproved new drug. 

PROMOTIONAL MATERIALS 

You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert(s) 

to: j \. 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Drug Marketing, Advertising, and Communications 

590 1-B Ammendale Road 

Beltsville, MD 20705-1266 

As required under 21 CFR 314.81(b)(3)(i), you must submit final promotional materials, and the 
package insert(s), at the time of initial dissemination or publication, accompanied by a Form 
FDA 2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For 
more information about submission of promotional materials to the Division of Drug Marketing, 
Advertising, and Communications (DDMAC), see www.fda.gov/cder/ddmac . 

Please submit one market package of the drug product when it is available. 

LETTERS TO HEALTH CARE PROFESSIONALS 

If you issue a letter communicating important safety related information about this drug product 
(i.e., a "Dear Health Care Professional" letter), we request that you submit an electronic copy of 
the letter to both this NDA and to the following address: 

MedWatch 

Food and Drug Administration 
Suite 12B05 
5600 Fishers Lane 
Rockville, MD 20857 
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REPORTING REQUIREMENTS 

We remind you that you must comply with reporting requirements for an approved NDA (21 
CFR 314.80 and 314.81). 

If you have any questions, call Hyon-Zu Lee, Pharm.D., Regulatory Project Manager, at 
301-796-2050. 

Sincerely, 

{See appended electronic signature page} 

Rafel Dwaine Rieves, M.D. 
Director 

Division of Medical Imaging and Hematology Products 
Office of Oncology Drug Products 
Center for Drug Evaluation and Research 



Enclosure 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

< , 

These highlights do not include all the information needed to use 
Ferah em e safely and effectively. See full prescribing information for 
Ferahcmc. 

Feraheme™ (ferumoxytol) Injection 
For Intravenous (IV) use 
Initial U.S. Approval: XXXX 

INDICATIONS AND USAGE 

Feraheme is an iron replacement product indicated for the treatment of iron 
deficiency anemia in adult patients with chronic kidney disease (CKD). (I) 

DOSAGE AND ADMINISTRATION 

• The recommended dose of Feraheme is an initial 510 mg 
intravenous injection followed by a second 510 mg intravenous 
injection 3 to 8 days later. 

• Administer Feraheme as an undiluted intravenous injection 
delivered at a rate of up to 1 mL/sec (30 mg/scc). 

• The recommended Feraheme dose may be readministercd to 
patients with persistent or recurrent iron deficiency anemia. 

: DOSAGE FORMS AND STRENGTHS 

Feraheme (30 mg/mL) is available for intravenous injection in single use 
vials. Each vial contains 510 mg of elemental iron in 1 7 mL. 



FULL PRESCRIBING INFORMATION: CONTENTS* 

1 INDICATIONS AND USAGE 

2 DOSAGE AND ADMINISTRATION 

3 DOSAGE FORMS AND STRENGTHS 

4 CONTRAINDICATIONS 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions 

5.2 Hypotension 

5.3 Iron overload 

5.4 Magnetic Resonance (MR) Imaging 

6 ADVERSE REACTIONS 

6. 1 Adverse Reactions in CI inical Studies 

7 DRUG INTERACTIONS 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 

8.3 Nursing Mothers 

8.4 Pediatric Use 

8.5 Geriatric Use 



CONTRAINDICATIONS — ■ 

Evidence of iron overload. (4) . , 

Known hypersensitivity to Feraheme or any of its components. (4) 
Anemia not caused by iron deficiency. (4) 

WARNINGS AND PRECAUTIONS 

* 

• Hypersensitivity Reactions: Observe for signs and symptoms of 
hypersensitivity for at least 30 minutes following the 
administration of Feraheme. (5.1) 

• Hypotension: Feraheme may cause hypotension. Monitor for signs 
and symptoms of hypotension following the administration of 
Feraheme. (5.2) 

• Iron Overload: Regularly monitor hematologic responses during 
Feraheme therapy. Do not administer Feraheme to patients with 
iron overload. (5.3) 

• Magnetic Resonance Imaging: Feraheme can alter magnetic 
resonance imaging (MRI) studies. (5.4) 

: ADVERSE REACTIONS 

The most common adverse reactions (> 2%) following the administration of 
Feraheme are diarrhea, nausea, dizziness, hypotension, constipation, and 
peripheral edema. (6.1) 

To report SUSPECTED ADVERSE REACTIONS with Feraheme, 
contact AMAG Pharmaceuticals, Inc. at 1-877- 4U-2510, or FDA at 1- 
800-FDA-1088 or www.fda.gov/medwatch. 

See 17 for PATIENT COUNSELING INFORMATION 

Revised: Month/Year 
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♦Sections or subsections omitted from the full prescribing information are not 
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FULL PRESCRIBING INFORMATION 



1 INDICATIONS AND USAGE 

Feraheme™ (ferumoxytol) Injection is indicated for the treatment of iron deficiency anemia in 
adult patients with chronic kidney disease (CKD). 

2 DOSAGE AND ADMINISTRATION ( 

The recommended dose of Feraheme is an initial 510 mg intravenous injection followed by a 
second 510 mg intravenous injection 3 to 8 days later. Administer Feraheme as an undiluted 
intravenous injection delivered at a rate of up to 1 mL/sec (30 mg/sec). The dosage is expressed 
in terms of mg of elemental iron, with each mL of Feraheme containing 30 mg of elemental iron. 
Evaluate the hematologic response (hemoglobin, ferritin, iron and transferrin saturation) at least 
one month following the second Feraheme injection. The recommended Feraheme dose may be 
readministered to patients with persistent or recurrent iron deficiency anemia. 

For patients receiving hemodialysis, administer Feraheme once the blood pressure is stable and 
the patient has completed at least one hour of hemodialysis. Monitor for signs and symptoms of 
hypotension following each Feraheme injection. 

Inspect parenteral drug products visually for the absence of particulate matter and discoloration 
prior to administration. 

3 ^ DOSAGE FORMS AND STRENGTHS 

Feraheme (30 mg/mL) is available for intravenous injection in single use vials. Each vial 
contains 5 10 mg of elemental iron in 17 mL. 

4 CONTRAINDICATIONS 

Feraheme is cohtraindicated in patients with: 

• Evidence of iron overload 

• Known hypersensitivity to Feraheme or any of its components 

• Anemia not caused by iron deficiency 



5 WARNINGS AND PRECAUTIONS 



5.1 HYPERSENSITIVITY RE ACTIONS 

Feraheme may cause serious hypersensitivity reactions, including anaphylaxis and/or 
anaphylactoid reactions. In clinical studies, serious hypersensitivity reactions were reported in 
0.2% (3/1,726) of subjects receiving Feraheme. Other adverse reactions potentially associated 
with hypersensitivity (e.g., pruritus, rash, urticaria or wheezing) were reported in 3.7% 
(63/1,726) of these subjects. Observe patients for signs and symptoms of hypersensitivity for at 
least 30 minutes following Feraheme injection and only administer the drug when personnel and 
therapies are readily available for the treatment of hypersensitivity reactions [see Adverse 
Reactions (6.1)]* 

5.2 HYPOTENSION 

Hypotension may follow Feraheme administration. In clinical studies, hypotension was reported 
in 1.9% (33/1,726) of subjects, including three patients with serious hypotensive reactions. 
Monitor patients for signs and symptoms of hypotension following Feraheme administration [see 
Dosage and Administration (2) and Warnings and Precautions (5.1)]. 

5.3 IRON OVERLOAD 

Excessive therapy with parenteral iron can lead to excess storage of iron with the possibility of 
iatrogenic hemosiderosis. Regularly monitor the hematologic response during parenteral iron 
therapy [see Dosage and Administration (2)\ Do not administer Feraheme to patients with iron 
overload [see Contraindications (4)\ 

In the 24 hours following administration of Feraheme, laboratory assays may overestimate serum 
iron and transferrin bound iron by also measuring the iron in the Feraheme complex. 

5.4 MAGNETIC RESONANCE (MR) IMAGING 

Administration of Feraheme may transiently affect the diagnostic ability of MR imaging. 
Anticipated MR imaging studies should be conducted prior to the administration of Feraheme. 
Alteration of MR imaging studies may persist for up to 3 months following the last Feraheme 
dose. If MR imaging is required within 3 months after Feraheme administration, use Tl- or 
proton density-weighted MR pulse sequences to minimize the Feraheme effects; MR imaging 
using T2 -weighted pulse sequences should not be performed earlier than 4 weeks after the 
administration of Feraheme. Maximum alteration of vascular MR imaging is anticipated to be 
evident for 1 - 2 days following Feraheme administration [see Clinical Pharmacology (12.3)]. 

Feraheme will not interfere with X-ray, computed tomography (CT), positron emission 
tomography (PET), single photon emission computed tomography (SPECT), ultrasound or 
nuclear medicine imaging. 



6 ADVERSE REACTIONS 

Feraheme injection may cause serious hypersensitivity reactions and hypotension [see Warnings 
and Precautions (5. 1)(5.2)]. 

In clinical studies, 1,726 subjects were exposed to Feraheme; 1,562 of these had CKD and 164 
did not have CKD. Of these subjects 46% were male and the median age was 63 years (range of 
18 to 96 years). 

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug may not reflect the rates observed in practice. 

6.1 ADVERSE REACTIONS IN CLINICAL STUDIES 

Across the three randomized clinical trials [Trial 1, 2, and 3, see Clinical Studies (14)\ a total of 
605 patients were exposed to two injections of 510 mg of Feraheme and a total of 280 patients 
were exposed to 200 mg/day of oral iron for 21 days. Most patients received their second 
Feraheme injection 3 to 8 days after the first injection. 

Adverse reactions related to Feraheme and reported by > 1% of Feraheme-treated patients in the 
randomized clinical trials are listed in Table 1 . Diarrhea (4.0%), constipation (2.1%) and 
hypertension (1.0%) have also been reported in Feraheme-treated patients. 



Table 1: Adverse Reactions to Feraheme Reported in >1% of Patients with CKD 



Adverse Reactions 


Feraheme 
2 x510 mg 
(n = 605) 


Oral Iron 
(n = 280) 


Nausea 


3.1% 


7.5% 


Dizziness 


2.6% 


1,8% 


Hypotension 


2.5% 


0.4% 


Peripheral Edema ■ t 


2.0% 


3.2% 


Headache 


1.8% 


2.1% 


Edema 


1.5% 


1 .4% 


Vomiting 


1 .5% 


5.0% 


Abdominal Pain 


1.3% 


1 .4% 


Chest Pain 


1.3% 


0.7% 


Cough 


1.3% 


1 .4% 


Pruritus 


1.2% 


0.4% 


Pyrexia 


1.0% 


0.7% 


Back Pain 


1.0% 


0% 


Muscle Spasms 


1.0% 


1.4% 


Dyspnea 


1.0% 


1.1% 


Rash . 


1.0% . 


0.4% 



In clinical trials, adverse reactions leading to treatment discontinuation and occurring in > 2 
Feraheme-treated patients included hypotension, infusion site swelling, increased serum ferritin 
level, chest pain, diarrhea, dizziness, ecchymosis, pruritus, chronic renal failure, and urticaria. 

i 

Following completion of the controlled phase of the trials, 69 patients received two additional 
5 10 mg intravenous injections of Feraheme (for a total cumulative dose of 2.04 g). Adverse 
reactions following this repeat Feraheme dosing were similar in character and frequency to those 
observed following the first two intravenous injections. 

In a placebo-controlled, cross-over trial, 713 patients with CKD received a single 510 mg dose of 
Feraheme. Adverse reactions reported by these patients were similar in character and frequency 
to those observed in other clinical trials. 

\ 

7 DRUG INTERACTIONS 

Drug-drug interaction studies with Feraheme were not conducted. Feraheme may reduce the 
absorption of concomitantly administered oral iron preparations. 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 

Pregnancy Category C 

There are no studies of Feraheme in pregnant women. In animal studies, Feraheme caused 
decreased fetal weights and fetal malformations at maternally toxic doses of 13-15 times the 
human dose. Use Feraheme during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

In rats, administration of Feraheme at maternally toxic doses during organogenesis, i.e., daily 
doses approximately 2 times the recommended 5 10 mg human dose (on a mg/m 2 basis) for 12 
days/caused a decrease in fetal weights. The cumulative animal exposure was approximately 1 3 
times the human therapeutic course of 1 .02 g (on a mg/m 2 basis). In rabbits, administration of 
Feraheme at maternally toxic doses during organogenesis, i.e., daily doses approximately 2 times 
the recommended 510 mg human dose (on a mg/m 2 basis) for 14 days, was associated with 
decreased fetal weights and external and/or soft tissue fetal malformations. The cumulative 
animal exposure was approximately 15 times the human therapeutic course of 1.02 g on a mg/m 
basis [see Nonclinical Toxicology (13.3)]. ) 

r 

8.3 Nursing Mothers 

It is not known whether Feraheme is present in human milk. Because many drugs are excreted in 
human milk and because of the potential for adverse reactions in nursing infants, a decision 
should be made whether to discontinue nursing or to avoid Feraheme, taking into account the 
importance of Feraheme to the mother and the known benefits of nursing. 



8.4 Pediatric Use 



The safety and effectiveness of Feraheme in pediatric patients have not been established. 
8.5 Geriatric Use 

In controlled clinical trials, 330 patients > 65 years of age were treated with Feraheme. No 
overall differences in safety and efficacy were observed between older and younger patients in 
these trials, but greater sensitivity of older individuals cannot be ruled out. In general, dose 
administration to an elderly patient should be cautious, reflecting the greater frequency of 
decreased hepatic, renal, or cardiac function, and of concomitant disease or other drug therapy 
[see Dosage and Administration (2) and Clinical Studies (14)]. 

10 OVERDOSAGE 

No data are available regarding overdosage of Feraheme in humans. Excessive dosages of 
Feraheme may lead to accumulation of iron in storage sites potentially leading to hemosiderosis. 
Do not administer Feraheme to patients with iron overload [see Contraindications (4)\ 

10.1 Nonclinical Data 

No macroscopic or microscopic signs of toxicity and no changes in the clinical pathology data 
related to toxicity were observed following single intravenous doses of Feraheme up to 450 mg 
iron/kg in rats (approximately 1 0 times the recommended 5 10 mg human dose on a mg/m basis) 
and in dogs (approximately 33 times the recommended 510 mg human dose on a mg/m 2 basis). 

11 DESCRIPTION 

Feraheme is a non-stoichiometric magnetite (superparamagnetic iron oxide) coated with 
polyglucose sorbitol carboxymetKylether. The overall colloidal particle size is 17-31 nm in 
diameter. The chemical formula of Feraheme is Fe58740g752-Cn7i9Hi868209933Na4i4 with an 
apparent molecular weight of 750 kDa. 

Feraheme injection is an aqueous colloidal product that is formulated with mannitol. It is a black 
to reddish brown liquid, and is provided in single use vials containing 510 mg of elemental iron. 
Each mL of the sterile colloidal solution of Feraheme injection contains 30 mg of elemental iron 
and 44 mg of mannitol, and has low bleomycin-detectable iron. The formulation is isotonic with 
an osmolality of 270-330 mOsm/kg. The product contains no preservatives, and has a pH of 6 to 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 

■ i * * 

Feraheme consists of a superparamagnetic iron oxide that is coated with a carbohydrate shell, 
which helps to isolate the bioactive iron from plasma components until the iron-carbohydrate 
complex enters the reticuloendothelial system macrophages of the liver, spleen and bone 



marrow. The iron is released from the iron-carbohydrate complex within vesicles in the 
macrophages. Iron then either enters the intracellular storage iron pool (e.g., ferritin) or is 
transferred to plasma transferrin for transport to erythroid precursor cells for incorporation into 
hemoglobin. 

12.2 Pharmacodynamics 
Cardiac Electrophysiology 

In a randomized, positive- and placebo-controlled, parallel-group study, healthy subjects 
received a supratherapeutic regimen of Feraheme (1 .02 g given as two 5 10 mg doses within 24 
hours), placebo or a single dose of 400 mg moxifloxacin (positive control). Results demonstrated 
no effect of Feraheme on QT interval durations. No clinically meaningful effect of Feraheme on 
heart rate was observed. 

12.3 Pharmacokinetics 

The pharmacokinetic (PK) behavior of Feraheme has been examined in healthy subjects and in 
patients with CKD stage 5D oh hemodialysis. Feraheme exhibited dose-dependent, capacity- 
limited elimination from plasma with a half life of approximately 15 hours in humans. The 
clearance (CL) was decreased by increasing the dose of Feraheme. Volume of distribution (Vd) 
was consistent with plasma volume, and the mean maximum observed plasma concentration 
(C max ) and terminal half-life (t !/2 ) values increased with dose. The estimated values of CL and Vd 
following two 510 mg doses of Feraheme administered intravenously within 24 hours were 69.1 
mL/hr and 3.16 L, respectively. The C ma x and time of maximum concentration (t max ) were 206 
mcg/mL and 0.32 hr, respectively. Rate of infusion had no influence on Feraheme PK 
parameters. No gender differences in Feraheme PK parameters were observed. Feraheme is not 
removed by hemodialysis. 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Feraheme was not tested for carcinogenic effects. In standard genotoxicity tests, Feraheme 
showed no evidence of mutagenic activity in an in vitro Ames test or clastogenic activity in 
either an in vitro chromosomal aberration assay or an in vivo micronucleus assay. 

No adverse effects on fertility or general reproductive performance were noted in animal studies. 
Feraheme had no effect on male or female fertility or general reproductive performance in rats. 

13.2 Animal Toxicology and Pharmacology 

Animal studies demonstrate that the plasma half-life of Feraheme increased with increasing dose. 
The highest tissue concentrations of Feraheme were found in the liver, spleen, and central lymph 
node pool; administered radiolabeled Feraheme ( 59 Fe) was found in the red blood cell fraction by 
24 hr. Studies with radiolabeled drug product demonstrated that renal elimination of the iron in 
Feraheme was insignificant, while the carbohydrate coating was significantly excreted in the 
urine and feces. 



Repeat-dose toxicity studies with Feraheme up to 12 mg Fe/kg/day for 13 weeks in rats 
(cumulative exposure approximately 12 times the anticipated exposure of a human therapeutic 
course of L02 g of Feraheme on mg/m 2 basis) and dogs (cumulative exposure approximately 40 
times the anticipated exposure of a human therapeutic course of 1.02 g of Feraheme on mg/m 
basis) demonstrated dose-dependent decreases' in body weight gain and food consumption, and 
increases in pigmentation intensity. No systemic toxicity or immunotoxicity was observed at the 
relevant clinical doses. Changes in red blood cell counts, hemoglobin and serum iron, increases 
in liver and spleen weight, and the accumulation of iron-positive pigmentation in various organs 
were observed as expected with the administration of iron-containing agents. 

13.3 Reproductive and Developmental Toxicology 

In rats, no maternal or fetal effects of Feraheme were observed at daily doses of 31.6 mg Fe/kg 
during organogenesis for 12 days, approximately 1 time the recommended human dose of 510 
mg (on mg/m 2 basis). The cumulative animal exposure was approximately 5 times the human 
therapeutic course of 1 .02 g (on a mg/m 2 basis). Administration of Feraheme during 
organogenesis at maternally toxic doses of 100 mg Fe/kg/day (daily exposure was approximately 
2 times the recommended 5 10 mg human dose on a mg/m 2 basis) for 12 days (cumulative 
exposure was approximately 13 times the human therapeutic course of 1 .02 g on a mg/m 2 basis) 
caused a decrease in fetal weights. 

In rabbits, no maternal or fetal effects of Feraheme were observed at daily doses of 16,5 mg 
Fe/kg during organogenesis for 14 days, approximately 1 time the recommended human dose of 
510 mg (on mg/m 2 basis). The cumulative animal exposure was approximately 7 times the 
human therapeutic course of 1.02 g (on a mg/m 2 basis). Administration of Feraheme during 
organogenesis at maternally toxic.doses of 45 mg Fe/kg/day (daily exposure approximately 2 
times the recommended 510 mg human dose oh a mg/m 2 basis) for 14 days (cumulative exposure 
approximately 1 5 times the human therapeutic course of 1 .02 g on a mg/m 2 basis) caused 
decreased fetal weights and external and/or soft tissue fetal malformations. 

14 CLINICAL STUDIES 

The safety and efficacy of Feraheme for the episodic treatment of iron deficiency anemia in 
patients with CKD were assessed in three randomized, open-label, controlled clinical trials (Trial 
1, 2 and 3). These trials also included an uncontrolled, follow-up phase in which patients with 
persistent iron deficiency anemia could receive two additional 510 mg intravenous injections of 
Feraheme. The major efficacy results from the controlled phase of each study are shown in 
Table 2. 

In all three trials, patients with CKD and iron deficiency anemia were randomized to treatment 
with Feraheme or oral iron. Feraheme was administered as two 510 mg intravenous single doses 
and oral iron (ferrous fumarate) was administered as a total daily dose of 200 mg elemental iron 
daily for 21 days. The major trial outcomes assessed the change in hemoglobin from baseline to 
. Day 35. Trial 1 and 2 enrolled patients with non-dialysis dependent CKD and Trial 3 enrolled 
patients who were undergoing hemodialysis. 



In Trial 1, the mean age of patients was 66 years (range, 23 to 95); 60% were female; 65% were 
Caucasian, 32% were Black, and 2% were other races. In the Feraheme and oral iron groups, 
42% and 44% of patients, respectively, were receiving erythropoiesis stimulating agents (ESAs) 
at baseline. 

In Trial 2, the mean age of patients was 65 years (range, 31 to 96); 61% were female; 58% were 
Caucasian, 35% were Black, and.7% were other races. In the Feraheme and oral iron groups, 
36% and 43% of patients, respectively, were receiving ESAs at baseline. 

In Trial 3, the mean age of patients was 60 years (range, 24 to 87); 43% were female; 34% were 
Caucasian, 59% were Black, and 7% were other races. All patients were receiving ESAs. 

Table 2 shows the Baseline and mean change to Day 35 in hemoglobin (Hgb, g/dL), transferrin 
saturation (TSAT, %) and ferritin (ng/mL) in each treatment group for Trial 1, 2, and 3. 



r 

Table 2: Changes from Baseline to Day 35 in Hemoglobin, Transferrin Saturation and 
Ferritin (Intent to Treat Population) 



ENDPOINT 


Trial 1 
Non-Dialysis CKD 


Trial 2 
Non-Dialysis CKD 


Trial 3 
CKD on Dialysis 


Feraheme 
n = 226 


Oral 
Iron 
n = 77 


Feraheme 
n = 228 


Oral 
Iron 
n = 76 


Feraheme 
n= 114 


Oral 
Iron 
n = 116 


Baseline Hgb 
(mean ± SD, g/dL) 


9.9 
±0.8 


9.9 

±0.7 


10.0 

±0.7 


10.0 

±0.8 


10.6 

±0.7 


10.7 

±0.6 


Hgb change from 
Baseline at Day 35 
(mean ± SD, g/dL) 


1.2* 
± 1.3 


0.5 

± 1.0 


0.8* 

± 1.2 


0.2 

± 1.0 


1.0* 
± 1.1 


0.5 

± 1.1 


Baseline TSAT 
(mean ± SD, %) 


9.8 

±5.4 


10.4 

± 5.2 


11.3 

±6.1 


10.1 

±5,5 


15.7 

±7.2 


15.9 

- ±6.3 


TSAT change from 
Baseline at Day 35 
(mean ± SD, %) 


9.2 

±9.4 ' 


0.3 

±4.7 


9.8 

±9.2 


1.3 

±6.4 


6.4 

± 12.6 


0.6 

±8.3 


Baseline ferritin 
(mean ± SD, 
ng/mL) 


123.7 
± 125.4 


146.2 
± 136.3 


146.1 

±173.6 


143.5 
± 144.9 


340.5 

± 159.1 


357.6 

± 171.7 


Ferritin change 
from Baseline at 
Day 35 
(mean ± SD, 
ng/mL) 


■ 1 ■ »-. 

300.7 

±214.9 


0.3 

±82.0 


381.7 

± 278.6 


6.9 

±60.1 


233.9 

± 207.0 


-59.2 

± 106.2 



* p<0.001 for main efficacy endpoint 



Following completion of the controlled phase of each of the Phase 3 trials, patients who were 
iron deficient and anemic could receive two additional 510 mg intravenous injections of 



f- 



Feraheme for a total cumulative dose of 2.04 g. Overall, 69 patients received two additional 510 
mg intravenous injections of Feraheme, and on Day 35 following these additional injections, the 
majority of these patients (70%) experienced an increase in hemoglobin and iron parameters 
(TSAT and ferritin). The mean change (±SD) in hemoglobin level from the retreatment baseline 
for patients with an increase in hemoglobin was 0.86 (± 0.68) g/dL and was 0,5 (± 0.8) g/dL for 
all patients. 

16 HOW SUPPLIED/STORAGE AND HANDLING 
16.1 How Supplied 

Feraheme is available in single use vials in the following package sizes (Table 3). 



Table 3: Feraheme Packaging Description 



NDC Code 


Dose / Total volume per vial 


Vials / Carton 


NDC 59338-775-01, 


510 mg/ 17 mL 


1 


NDC 59338-775-10 


510 mg/ 17 mL 


10 



16.2 Stability and Storage 

Store at controlled room temperature (20° to 25°C [68° to 77°F]). Excursions permitted to 15° - 
30°C (59° - 86°F). 

17 PATIENT COUNSELING INFORMATION 

Prior to Feraheme administration: ; 

• Question patients regarding any prior history of reactions to parenteral iron products, 

• Advise patients of the risks associated with Feraheme. 

• Advise patient to report any signs and symptoms of hypersensitivity that may develop 
during and following Feraheme administration, such as rash, itching, dizziness, 
lightheadedness, swelling and breathing problems [see Warnings and Precautions (5)]. 

Manufactured and Distributed by: 

AMAG Pharmaceuticals, Inc. 
Lexington, MA 02421- 
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HEAT STABLE COtXODDAL IRON OXIDES 

COATED WITH REDUCED 
CARBOHYDRATES AND CARBOHDRATE 
DERIVATIVES 

RELATED APPLICATIONS 

This application claims the benefit of Provisional Appli- 
cation No. 60/128,579, filed in the United Slates Patent and 
Trademark Office on Apr, 9, 1999, and which is hereby 
incorporated by reference herein, 

TECHNICAL FIELD 
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subject, the method comprising: producing a reduced 
polysaccharide iron oxide complex, and sterilizing the com- 
plex by autoclaving. In general, the reduced polysaccharide 
is a reduced polymer of glucose. An example of a reduced 
polymer of glucose is a reduced dexlran. The reduced 
polysaccharide is produced through reaction of a polysac- 
charide with a reagent selected from the group consisting of 
a borohydride salt or hydrogen in the presence of a hydro- 
gcnalion catalyst. In a further aspect of the method, the iron 
oxide is superparamagnetic, 

Another preferred embodiment of the invention is a 
method of providing an iron oxide complex for administra- 
tion to a mammalian subject, the method comprising: pro- 
ducing a derivalizcd reduced polysaccharide iron oxide 



The field relates to compositions which are carboxym- 

cthyl reduced polysaccharides, and methods for use as MUW4(& „ „ 

plasma extenders and for coating iron oxide particles, and 1$ com pkx ( and sterilizing the complex by autoclaving. 

compositions comprised of superparamagnetic and non- According to this method, producing the complex can 



superparamagnetic iron oxides coaled with a reduced 
polysaccharide or derivatized reduced polysaccharide, and 
methods for use as MR! contrast agents and hematinics. 

BACKGROUND 
Since the invention of magnetic resonance imaging 
(MRI), a parallel technology of injectable chemicals called 
contrast agents has developed. Contrast agents play an 
important role in the practice of medicine in lhat Ihey help 
produce more useful MR1 images for diagnostic purposes. In 
particular, two classes of imaging agents have been devel- 
oped and adopted in clinic nl practice. These are: low 
molecular weight gadolinium complexes such as Mag- 
navisl®; and colloidal iron oxides. Neither of these two 
types of agents is ideal. Problems encountered with these 
agents are shown in Table 1, and include; expense of 
components; inefficiency of synlhcsis; loss of coaling if 
sterilized by autoclaving; narrow range of organ uptake for 



include derivatizing a reduced polysaccharide by 
caboxy alley lation, for example, wherein the carboxyalkyla- 
tion is a carboxymelbylation. The term "derivatizing" and 
20 related terms (e.g. derivatives, derivalizcd, derealization, 
etc) refer to the conventional sense of functionnlization at 
the reactive sites of the composition, Further according to 
this method, the reduced polysaccharide can be a reduced 
dcxtran. The derivatized; reduced polysaccharide can be 
25 isolated as the sodium salt and does not contain an infrared 
absorption peak in the region of 1650-1800 cnr\ In one 
aspect of Ihe method, producing the derivatized reduced 
polysaccharide is achieved at a temperature of less than 
approximately SO* C. In another aspect of the nielhod, 
30 producing the derivalized reduced polysaccharide is 
achieved at a temperature of less lhan approximately 40 Q C, 
In a further aspeel of the method, the iron oxide is super- 
paramagnetic. 

In yet another embodiment, the invention provides a 



purposes of imaging; side-effects; restriction of use to either ^ mtiho ' d of formulating an iron oxide complex coated with a 

first pass or equilibrium dosing; and others that are described Teauccd polysaccharide. This composition is for pharmoco- 

herein. Agents that overcome these problems, and that iogical ^ anc j the composition has decreased toxicity in 

combine the properties of these two types of contrast agents, co ^ is0D t0 an ana logous iron oxide complex coated with 

arc highly desirable. ■ * tA - r " 1 -° e u<:-~ ^ 



TABLE 1 



40 



Comparison of Weal properties of MM contrast 
agenta with properties of low molecular wolght 
gndolinfom bused oontmiit scouts nnd c olloidal Iron oxides, 



Properties of an ideal 
contrast agent 

I/nv production costs: 
cttiyienl synthesis 
Auloclovablc without 
vxctpienls 
Tl agent 
T2 ngont 

Non tonic at vast excess 
Ininging vascular 
compartment at corly phase 
(ns a bolus administration) 
and ut a Into stage 
(equilibrium pii&3o) 
Multiple odfliinisUallon in 
single examination 
Imngo of multiple target 
organs 

Bolus injection 

Low volume of Injection 

Iron source for anemia 



low molecular weight 
gadolinium 



colloidal 
iron oxides 



45 



Yea 
Yes 

Yes 
No 
Yon 
No 



No 



No 



Sometimes 
Yes 
No 
No 



50 



55 



No 
Yea 

Yea 
No 
No 



No 

Sometimes 

No 
No 
Yes 



CO 



SUMMARY 

An embodiment of the invention is a method of providing 
an iron oxide complex for administration to a mammal 



65 



native polysaccharide. The method of formulating such an 
iron oxide complex comprises: producing a reduced 
polysaccharide iron oxide complex, and sterilizing the com- 
plex by autoclaving. The formulation provides polysaccha- 
ride which was produced by reacting the polysaccharide 
with one of a reducing agent selected from tbe group 
consisting of n borohydride salt or hydrogen in the presence 
of an hydrogenalion catalyst. The reduced polysaccharide 
iron oxide complex has such decreased toxicity. Tn a further 
nspeel or the method, the iron oxide is superparamagnetic. 

In yet another embodiment, the invention provides a 
•method of formulating an iron oxide complex coaled with a 
reduced derivatized polysaccharide. This composition is for 
pharmacological use and the composition has decreased 
toxicity in comparison to an analogous iron oxide complex 
coaled with native derivalized polysaccharide, The method 
of formulating such an iron oxide complex comprises; 
producing a reduced derivatized polysaccharide iron oxide 
complex; and sterilizing the complex by autoclaving. 
According to this method, producing the complex can 
include derivatizing a reduced polysaccharide by 
carboxyalkylatlon, for example, wherein the cnrboxyalkv- 
lation is a carboxymethylntion. Further according lo Ibis 
method, the reduced polysaccharide can be a reduced dex- 
tran. Tho derivalized, reduced polysaccharide can be iso- 
lated as the sodium salt and docs nol conlain an infrared 
absorption peak in the region of 1650-1800 cm" 1 . In one 
aspect of the method, producing Ihe derivalized reduced 
polysaccharide is achieved at a temperature of less than 
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aooroximatelv 50" C. In another aspect of the method, ethyl dextran. A further aspect of this embodiment of the 

achieved at a temperature of less than approxraately 40 C. wot » «•■ / f ^ 

In a Either aspect of the method, the won o*,de Is super- ^1,^^^ Jg^ relaliv6 l0 composition 

paramagnetic. w ith respect to lower levels of dcrivalizalion, 

Another embodiment of the invcnUon provides a redxicecl ^ cmbodJmonl of the invention provides a reduced 

derivatized polysaccharide iron oxide complex with Tl and po i ysa ccharidc iron oxide complex, such complex being 

T2 relaxation properties to allow contrast agent signal sU ble at a tempcramrc oC at Icasl approximately 100° C. In 

enhancement wilb Tl sequences and signal diminishment a preferred embodiment, such complex is stable ai a tem- 
wilh T2 sequences. A further aspect of the embodiment is ™ p Sra Lure 0 f approximately 121° C. Tn an even more preferred 

thai the reduced derivatized polysaccharide iron oxide can aS p ec t D £ the reduced polysaccharide iron oxide complex, 

be administered multiple limes for sequential imaging in a sucb ^ stable al a temperature of nl least 121° C. 

single examination. Yet another aspect of the agent is that it for ft l ; m& sufficient to sterilize the complex. In a further 

can be used to image multiple organ systems Including the aspecl of tne embodiment, the iron oxide is supcrparainag- 

vascular system, liver, spleen, bone marrow, and lymph netiC( 

nodes. An embodiment of the invention provides a reduced ■ 

Another embodiment of the invention provides a reduced derivatized polysaccharide iron oxide complex, such com- 

polysaccharido iron oxide complex for use as an intravenous p ^ b oing sta |j] C ai a temperature of at least approximately 

iron supplement. 20 100° C, In a preferred embodiment, such complex is stable 

Another embodiment of the invention provides a reduced al a temperature of approximately 121° C. In an eyen more 

derivatized polysaccharide iron oxide complex for use as an preferred aspect of the reduced polysaccharide iron oxide 

intravenous iron supplement. complox, sucb complex is stable at a temperature of al least 

In vet a further embodiment, the invention provides an 121° C. for a time sufficient to sterilize the complex. In it 

improved method of administering to a mammalian subject 2$ further aspect of the embodiment, the iron oxide is supcr- 

an autociaved reduced polysaccharide iron oxide complex. paramagnetic. 

The improved method of administration comprising: injec- Apreferred embodiment of the invention is a method ot 

lion of an aulociavcd reduced polysaccharide iron oxide formulating for pharmacological use a reduced polysnccha- 

complcx in a volume of 15 ml or less, In another aspect of ride iron oxide complex having increased pH stability in 

the embodiment the injected volume is injected as a bolus. 3Q comparison to the corresponding native dextran iron oxide, 

In a further aspect of the method, the iron oxide is super- the method comprising: providing dextran; and reacting the 

paramagnetic. In a further aspect of the embodiment the dextran with a borohydride salt or hydrogen in the presence 

injected volume provides improved image quality, of an hydrogenation catalyst, reacting the reduced dextran 

In yet a uirlher embodiment, the invention provides an wilh iron salts to provide a formulation having a stable pH. 

improved method of administering to a mammalian subject 3S A preferred embodiment of the invention is a method of 

an autociaved derivatized reduced polysaccharide iron oxide formulating for pharmacological use a reduced derivatized 

complex. The improved method of administration compris- polysaccharide iron oxide complex having increased pll 

ing 1 injection of an autociaved reduced derivatized polysac- stability in comparison to the corresponding native dextran 

cfmrideiron oxide complex in a volume of IS ml or less. In i r0 n oxide, the method comprising: providing dextran; and 

another aspect of the embodiment the injected volume is w rea ctmg the dextran wilh a borohydride salt or hydrogen in 

injected as n bolus. In a further aspect of the method, the iron the presence of an hydrogenation catalyst, reacting the 

oxide is superparamagnetic, In a further aspect of the reduced dextran wilh iron salts to provide a formulation 

embodiment the injected volume provides improved Image having a stable pH, 

q lin lit Y( Tn another embodiment, the invention provides a method 

An embodiment of the invention provides an improved 45 0 f formulating a reduced derivatized dextran composition 

method of administering to a mammalian subjecta reduced f or pharmacological nsc wherein the composition has 

polysaccharide iron complex in a manner that the compo- decreased toxicity in comparison to native dcxlran; cora- 

silion provides reduced toxicity, wherein the improvement prising: producing a reduced derivatized polysaccharide; 

comprises utilizing a reduced polysaccharide in formulation and sterilizing the product by autoclaving. According to this 

of the composition, Tn a further aspect of the embodiment, so " method, Ihe reduced polysaccharide is obtained by reacting 

the iron oxide is superparamagnetic ' the native polysaccharide wilh one of several reducing 

An embodiment of the invention provides an improved agents selected from the group consisting of a borohydride 

method of administering to a mammalian subject a reduced salt, or hydrogen in the presence of a hydrogenation catalyst 

derivatized polysaccharide iron complex in a manner that In a preferred aspect of the embodiment the polysaccharide 

the composition provides reduced toxicity, wherein the ss is dextran. Producing the composition can inoludo denva- 

improvernenl comprises utilizing a reduced derivatized tizing a reduced polysaccharide by carboxyalkylahon, for 

polysaccharide in formulation of the composition. In a example, wherein the carboxyalkylation is a carboxymethy- 

ftirther nspeel of the embodiment, the iron oxide is super- lation. Further according to this method, the reduced 

paramagnetic polysaccharide can bo a reduced dextran, Ihe derivatized, 

An embodiment of the invention provides a reduced 60 reduced polysaccharide can be isolated as the sodium sail 

polysaccharide iron oxide complex, wherein the reduced and does not contain an infrared absorp ion peak in the 

po Sh? ride is derivatized, for example, the reduced region of 1650-1800 cm" 1 In one aspect of the melhod, 

ffife^yaaoctarido is a carboxyalkyl polysaccha^ producing the derivatized reduced polysaccharide is 

ride. The carboxyalkyl is selected &om the group consisting achieved at a temperature of less than approximately 50 C 
ofcarboxymethylcarboxyethylaridcarboxypropyl. Further, « In another aspect of the method, producing the derivatized 
Se^SffipoSi B cch.iWo can be a redu^d dexlr.an, for reduced polysaccharide is achieved at a temperature of loss 
example, the reduced dextran can bo a reduced carboxym- than approximately 40 C. 
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An embodiment of the invention provides an improved FIG. 6 shows MRIs of a rat, pre-adminislralion (A) and 

w^S^S^io a «H an spbject . reduced post-administration (B) of contrast agents, ""tenor portjon 

Slized polysaccharide in a manner that the composition m lop. CMRD coated USPTO (5" mg of iron per kg body 

provides reduced toxicity, wherein the improvement com- weight) was administered into the femoral vein prior to 
prises utilizing a reduced polysaccharide in formulation of 5 taking the post administration contrast imago. The figure 

the composition, * illustrates enhanced visualization of the heart and surround* 

An embodiment of the invention provides a reduced ing arteries and veins caused by administration of CMRD 

polysaccharide, wherein the reduced polysaccharide is coat cd USPIO, Imaging was performed using a General 

derivalized, for example, the reduced dcrivatized polysac- Electrio 2 Tesla magnetic resonance imager, 

chnride is o carboxyalkyl polysaccharide. The carboxyalkyl 10 m ? ^ . g of a ^ pre . adininislriU i oa (A) 

is selected from the group consist ir^ of ca rboxy^ posl _ adffiiuislm aon ( B ) of contrast agent, anterior por- 

carboxyethyl and carboxypropyl. ™ h *!>&* ^ t coated USPIO (Example 31; 4 mg of iron 

polysaccharide can bo aieduced *^-£^»^° Z S r^dy weight) was administered into the femoral vein 

^^^^^^^ « 

c™yl ~ per gram of polysaccharide wherein said figure illustrates enhanced visualization of the he* lend 
^Si^L reduced toxicity" relative lo composition surrounding arteries and veins caused by admu^tralion of 
Sower levels of derealization. CMRD coated USPIO. Imaging was performed using a 

Another embodiment of ..he invention is a method of ^ Siemens l.STMagnatom Vision magnetic resonance m.nger. 
formulating a dexfran composition for pharmacological use pi0 8 s \ iaws MRl images of the anterior portion of a 
and having decreased toxicity in comparison to native norn)a i human svbjocl, -pre -ad ministration (A) and post- 
dcxlran, the method comprising; providing dextran; and administration (B) of contrast imaging agent, CMRD coated 
reacting the provided dextran with a borohydride salt or TJSPIO (4 mg of iron per kg body weight) was administered 
hydrogen in the presence of an hydrogenalion catalyst ^ ag a bolus j ntQ a ve j n j n tnc arm p r i or to taking the post 
Followed by oarboxy methyl adon, the reduced cuTbaxym- con trast image. Imaging was performed 15 lo 30 minutes 
olhylaled dextran having decreased toxicity. afier administration of contrast agent. The image illustrates 

Another embodiment of the invention is an improved enhanced visualization of the heart and surrounding arteries 
method of administering to a mammalian subject a polysac- am j vcmSt 

qharide composition of the type wherein the ^composition 30 bM clearance kineti cs i D humans or 

includes dextran in n manner that the composition provides usp]0 {4 o£ irQn j 

reduced toxicity, wherein the improvement comprises n,U- ~S «8g as a bo \ ns into a vein in the 
lizing reduced corboxymcthylated dextran i« i lieu l o \6M an J blood samples. Samples were analyzed 
in the formulation. In another aspect, an embodiment of the V ^ doterraine tho blood conccn iration of 

invention is an improved method of administering o j a 35 qmrtj) coated "USPIO. The graph shows CMRD coaled 
mammalian subject a polysaccharide in a manner that he COI)C cntration (ordinate) as a function of time 

composition provides reduced toxicity, wherein the Y^zJr K * 

improvement comprises utilizing a reduced carboxymethy- ^aoscissa;. 

lated polysaccharide in formulation of the compos ition DETAILED DESCRIPTION OF SPECIFIC 

An embodiment of the invention provides a method oi use 40 ^ EMBODIMENTS 

of reduced derivatized dextram as blood expanders, 

. . ™ ™ axtitxt^o Table 1 summarizes the characteristics of two classes of 

BRIEF DESCRIPTION OF THE DRAWINGS mm confr™it. that hnvo been previously described, 

FIG 1 shows a Fourier transform infrared (Fl'IR) spec- and shows a comparison of their characteristics to those of 
trographic analysis of carboxymcthyl reduced dextran 45 Qn ideal contrast agent, Agents of the invention embody Lhe 
(CMRD) sodium salt obtained with Exarnple 5. ideal characteristics, as shown herein. 

FIG. 2 shows an FTIR spectrograph^ analysis of sodium Surprisingly, the development and synthesis of prepara- 
sall CMRD coaled ultrasmall superparamagnetic iron oxide . lions of uhrasmall superparamagnetic iron oxide (USFIOs) 
(USPIO; see U.S. Pal. No. 5,055,288) obtained in Example 5Q coalecJ with polysaccharide reduced dexlrans and derivatives 
31, of reduced dexlrans, such as the agents with the desirable 

FIG, 3 is a graph that straws the amount of carboxymethyl properties as shown herein, are derived from a chnoge in the 
graupsfmicromole.s)pergramofproduct,o.ntheordinatc,as ' chemical nature of one constituent, dextran T10. This 
a function of the amount of bromoacelic acid ing/grara used change involved reduction of the terminal aldehyde group to 
ia reactions with reduced dextran starling material, on the 55 m alcohol of the polysaccharide used in its synthesis lo an 
abscissa The graph ia plotted from the data of TUble 2. alcohol (Scheme 1), Scheme 1 illustrates the chemical 

FIG 4 shows pharmacokinetics of CMRD coated USPIO change in a polysaccharide such as dextran upon treatment 
in the blood of throe male rats following intravenous admin- with sodium borohydride The hemiacetal form of the 
istrationof 2.2mgof ironperkgbody weight. Samples(0.25 polysaccharide (structure 1) is in equilibrium with the aide- 
ml) of blood were collected at the times indicated on the 60 hyde form of the polysaccharide (structure 2). Structure 2 
abcissa, and relaxation limes were measured on a Brucker represents less than 0.01% of the eqmhbrium mixture 
Mioisnec spectrometer, ' (Brucker, G. (1974) Organic Chemistry: Amino Acids, Pep* 

WG 5 shows the graph used to determine a half-life (67 ' tides and Carbohydrates., ^nkonykiaclo Press, Budapest p. 
miS of CMRE £ fed USPIO in rat blood. The data of 991). Treatment of structure 2 with sodium borohydnde 
mr 4 wfl«d to iwnoiBlo the graph in FIG. 5. The 65 results in its irreversible conversion to the linear polyol form 
« Tgo™ * rTmiZsZt^ .he 95% oe the polysaccharide (structure 3) Ulie dynamic equihb- 
nair iue range oi uj. between structures 1 and 2 allows complete 

confidence level. 
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conversion, when treated with sodium borohydridc, to the 
linear polyol (structure 3). 



Scheme 1 : 
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NaBH-i 




Dexlrnn coated superparamagnetic iron oxide particles 
have particular interest as magnetic resonance imaging 
fMRH contrast agents because of their ability (o enhance 



Several solutions to the problem of imparting resists nee to 
heat stress have been described. Palmacci el a!., U.S. Pal. 
No, 5,262,176, hereby incorporated herein by reference, 
used crosslinkcd dextran to stabilize the covering on the iron 
oxide particles prior to autoclaving. The crosslinking pro- 
cess uses noxious agents such as epichlorohydnn and 
epibroraohydrin, which must be removed from the colloid 
after the crosslinldng reaction. 

Methods of preventing clumping of the colloid induced by 
heat stress that have no effect on coating dissociation have 
also been described. These methods generally include the 
use of excipients during the autoclaving process. Groman el 
al„ U.S. Pat. No. 4,827,945, and Lewis et at, U.S. Pat. No. 
5,055,288, both patents hereby incorporated herein by 
reference, use citrate to prevent clumping of the particles 
a5 when the coating dissociates. Groman et al., U.S. Pat. No. 
5,102,652, hereby incorporated herein by reference, uses 
"low molecular weight carbohydrates such as raannitol to 
prevent clumping during autoclaving. These excipients 
'increase the cost and complexity of manufacturing the 
20 product, yet do not solve the problem of dissociation of the 
polymer from the iron particle, 

Josephson et al, U.S. Pat. No, 5,160,726, hereby incor- 
porated herein by reference, avoids beat stress on the coating 
by using filter sterilization rather than heal to sterilize the 
OH 25 colloid. Filter sterilization is expensive since both the ster- 
ilization process and container closure must be performed in 
a germ free environment. Additionally, filter sterilizing has 
a higher rale of failure than the process of .autoclaving, 
which reflects the inability to obtain an environment for the 
30 filtration step that is entirely germ free, 

Maruno ct at, U.S. Pot. No. 5,204,457, describes a 
carboxymethyl-dexlran coaled particle with improved sta- 
bility up to 80° C. for an extended period but does not teach 



fMRI) contrast agent, because oi tneir aomiy ,u use of terminal Ration by 

Magnetics, Inc., Cambridge^ Mass.) ^ J 1 ™™^ ** H slabilit / a , 80° C, but does not leach use of a 

carboxymclbyl reduced dcxtran coated particle, nor of ter- 
minal sterilization by autoclaving. 



Magnetic resonance imaging agents act by affecting the 
normal relaxation times, principally on the protons of water. 
There are two typos of relaxation, one known as spin-spin or 
Tl relaxation, and the second known as spin-lattice or T2 
relaxation. TL relaxation generally r&sults in a brightening of 



superparamagnetic iron oxide MR1 contrast agent, and 
approved for use in humans, Cornbidcx© (Advanced 
Magnetics, Inc.) is a dexlran coaled ullrasmall superpara- 
magnetic iron oxide (USPIO) which has completed Phase III 40 
clinical trials for both liver imaging and Phase III trials for 
lymph imaging. Combidex® has a smaller mean diameter 
(20 nra) than Peridex I.V.<8> (60 urn), which gives it a 

different Wodistribution in humans. Combidex© is made by tv ,« r — - , h " „ cs a „ 

Son of base to a solution of dextrun, ferric chloride and as the image caused by an increase id signal. Tl processes are 

£^ most useftdin imaging o^^ 

S faS^te beXg. and purifying by ultrariltralion. generally results in a darkening of the image caused by a 

S w tTO oTteuii added to The particles in the decrease in signal, T2 processes are most useful in imaging 

^KkcSS Prarmaceutical grade dcxtran is the of organs such as the liver, spleen, or lymph nodes that . 

more emEse^^Sn in the synthesis of Combidex© Tl and T2 properties; however, either Tl or T2 re fixation 

raoreeLhuenluscoraexiran mm^r * characterize the dominant relaxation properly of a 

is desirable to ^ t .^f^^ M ^ M ^SZuL agent. Low molecular weight gadolinium 

^^^^S^SS^A S^SmZ^L agoL arc T2 agents. »ud have 

thtf influence the ^^^^S^^Z Jrfnmy application in imaging tumors o£ the liver and 

and the pH continues lo fall upon further storage. contrast agent. 



US 6,599,498 Bl 

9 10 

A dexlran can elicit a sometimes fatal anaphylactic ' oxtde colloid contrast agent, is limited to imaging the liver 

responso when administered intravenously (i.v.) in man and the spleen. 

(Briseid, G. et al. Acta Pharmcoi. Et Toxical, 1980, Administration of a contrast agenl in a small volume (less 

47-U9-126; Hedin, H. et al., Int. Arch. Allergy and - then 5 ml) is durable, as smnll volume administration 

Immunol 1597:113:358-359). Kelated adverse reactions s improves the resolution obtained from first pass imaging, 

havo been observed also on administration of mngnclic and minimizes injection time and discomfort to the. patient, 

dexlran coated iron oxide colloids, Non-magnetic dextran Gadolinium based contrast agents are administered m vol- 

coated iron oxide colloids that have utility as hemalinics, umcs of about 30 ml due to constraints caused by the , 

paXlariy M an adjunct to erythropoietin treatment for end solubility and potency of these agents. Currently, iron oxide 

paru ' ,UI ""i , vr, . i .. t,.,,. .rwic ' based contrast aeenlsnro administered as a dilute solution In 

stage renal dinlys* pahenls, may bave:side effects. . 1B ^ 6f lo_i 00 m i) OV er an extended period of time 

Information regarding-anatomical features wilror, the vas- » ~ ^"^nts ari se from safely issues 

cular system can be obtained using contrast agents in two assocja|cd ^n, ,),,, rRp j d and concentrated administration of 

ways. When the contrast agent is first administered as a ^ ^.^ ^ iD j c( , lion is Parable in that 

bolus, it initially passes through Hie vasouUr tree as a , ( ^ and sbor , ens con|nc| ti me 

relatively coherent mass. Coordinating the tune of imaging 1S ^ gn£ , beal|h cwe provider . Fwlnar bolus 

of the desired anatomical feature to the tune when toe bolus ^ ^ cdlioner t0 n dminislcr the contrast 

passes through that feature can provide useful information. J ^ fe m tho Mpj m!irltus during the 

This technique of contrast agent use is called first pass 6 * aminBli thereby optimizing efficient use of instrument 

imaging. Al a later time, the bolus has been diluted by Gadolinium based agents can bo administered 

mixing, and attains an equilibrium concentration m the w ™ JJj^ 

vascular system. Under certain circumstances this equilib- GadoHffillnl based agents consist of a chelating 

rium or steady slate can offer useful mokcoU nn d tie gadolinium cation;- Gadolinium is a toxic 

can be performed at an early phase, wKh n minutes fler ^ ^ ^ ^ body lQ avoid 

injection of the contrast agent ("hrst pass ), and al a ater Colloidal iron oxides are not excreted from the 
phase, from about ten minutes after injection of the .«mM 2S ^^^Za in the liver trad other organs to 

agent (oquilibrium phase) Gad o »n™m;gente are su led such as the iron in hemoglobin. Thus, 

only for first pass miaging due to heir ready ^positions of the invention can serve as an iron suppje- 

thc vascular system into he mlerslitml spaces oi ;to> Issues v ^ ^ m - M 

Previously described colloida uon oxides are useful for the ™™ P» underg £ iDg lrEalmon , wilh erythropoietin, 
equilibrium due to their "W^^^SS'* 30 An Lbo*™"' of the invention provides a" method for 

would be desirable. in acoom n ^ ng ^ im!it "heat 

pLagc of the "fin, pass" of ^ - J-*- £, SSS&rf ff £^1^ H,fif » 

St^S ^nod^isanem^ 

pabW requiring a multiple dosing regimen of contrast agent the steps of treating a polysaccharide with a reducing agen 

i border o ob .to "Orst pass" images at each of multiple sites such a borohydride salt or with hydrogen in he presence of 
of intent. W th gadohniom contrast agents, this multiple « an appropriate hydrogcnntion ciittilystsuch Pt at Pd to obtnin 

adSation "Li pass" application is not possible the reduced polysaccharide, such that the terminal reducing 

because 'be gadolinium leaks cut of the vascular space sugar b« been reduced |o gLV» an open chain polyhydnc 

omducLg a C!y background around blobd vessels of structure. The reduced polysaccharide may be an 

inTercrCurrent „L oxXcolIoidal based contrast agents arabinogalac.an, a starch, a cellulose, an hydroxyethyl starch 
■ are not suitable as they arc administered not as a bolus, but 50 (HBS), an inulin or a dexlran. Moreover, the polysaccha ule 

as a diluTo olution ov« a long time, obviating "firs, pass" may be further funct.ooalacd prior to partic 

...... , The method further comprises mixing the reduced polysac- 

ftpplicalions. ■ ^ fit ; P ni C in charido with iron salts in an acidic solution selected from the 

imp SI™ °o LSzSgl^ e 5 f^ufclUng ferric salts, ferrous salt, or a mixture of 

ing treataeS. To minimize cost and discomfort to the ferrous and erricsalts, coolmg the solution, 

£S is desie in an MRI examination to administer so ulion with a base, and recovenng the coated iron oxide 

a sin pIg dose of contrast afient lhat would allow assessment colloid, 

rf^S^oWS^S that might' be affected by Ihe In accordance with a further embodtment of theinven.iou, 

fflS hSLZb primary breast cancer, it is desirable the bases which may be employed are sodium hydroxy 
to assess tumor status in Ihe breast and at multiple metastatic 60 sodium carbonate and more preferably, ammomuro 

siSluZg the liver, spleen, bone marrow, and lymph hydroxide, for the step of neulrabang the colloid In a 

noL Administration of gadolinium based contrast agents further embodiment of the Invention, the polysaccharide 

M r^t«SS ^ hCquirement due to their short half life iu derivative is reduced dextran and the iron salts may be 

the body their leakage into the vascular system, and their ferrous and ferric sa Is which produce a superparamagnetic 

nabmS ^ncentrate within organs of Interest. Iron oxide 65 iron oxide colloid mth a waU»r soluble coaling that does no. 

colloid I based contrast agents such as Combidex® can serve dissociate from the iron oxide core under neat stress during 

in this multiple capacity while Fcridex I.V,®, another iron terminal sterilization. 
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In another embodiment of the invention, only ferric salts 
are employed, yielding a non-superparamagnetic particle. 
. In another embodiment, a coaled colloid may be prepared 
by adding a polysaccharide to an iron oxide sol (a colloidal 
dispersion in a liquid), adjusting the pH to 6-8 and recov- 
ering the coated iron oxide colloid. 

The term "colloid" as used in this specification and the 
accompanying claims shall include any macromolecule or 
particle having a size less than about 250 am, The iron oxide 



following administration are such that iterated successive 
doses administered after a brief interval after administration 
of a first dose can be used to obtain additional images during 
a single clinical visit and use of the imaging apparatus. 

In the case of dextran and derivatives thereof, the formu- 
lations prepared by this method arc less immuno-responslve 
in mammals, as shown by datB obtained using a rat model, 
and in clinical trials in human subjects. The dextran- and 
dextran derivative-coated iron particles enhanced imaging 



particle having a size less than about zpu nm. mc iron oxu 0 other.organs ond systems in 

polysaccharide colloids of the invent™ have substantia ly ™ > J ^ The dextran- 



improved physical characteristics and mamifaclurability 
compared to previously described materials. Improved 
physical characteristics are evident in the ability of the 
colloid to v/ithstcmd heat stress, as measured by subjecting 



three mammalian species! rat, pig, and human, The dextrau- 
and dextran derivative-coated iron particles can be used also 
as hematinic agents, to provide iron in a more efficiently 
absorbed format than is true of oral iron supplements, to 



^ rf « to .-Tl tl,irt, T l ^ f^V^^"?^ 30 S«t«f 15 groups of patients who are chronically iron-deprived, such 
the colloid to a temperature of 121 C, for 30 minutes. g J^*^. cancer natients. eastroenteritis patients, 



Colloid particles made according to the invention show less 
evidence of polysaccharide dissociation under stress, 
remaining colloidal, and exhibiting no appreciable change in 
size, 



as dialysis patients, cancer patients, gastroenteritis patients, 
and recipients of erythropoietin. The derivatized reduced 
dextrans can be used also as plasma extenders, which, unlike 
blood and blood fractions, do not have to be cross-matched 



f 20 immunologically, and unlike human serum albumin 
During manufacture, the process that is an embodiment ot preparation, can be sterilized in a manner that destroys 



the invention typically uses one tenth or less the amount of 
polysaccharide compared to the amount required in previous 
preparations using non-reduced polysaccharide, resutting in 
substantial raw materials cost savings due to the improved 
efficiency of the process of the invention. 

Variation in such factors as polysaccharide derivative 
concentration, base concentration and/or Fe(Hl)/Fe(lI) con- 
centration can produce colloids with different magnetic 



* ■ ■ " — — ■ — — m m r 

preparation, can be sterilized in a manner that destroys 
viruses, including strains of hepatitis, CMV, and HIV, 
spongiform encephalitis, ond other infectious agents. The 
plasma extenders of the invention do not have to be re frig- 
as era ted or stored away from light and heal, and are thus 
advantageous in emergency medical situations, such as 
treatment of shock due to loss of blood such as trauma, even 
in tropical climates, 
Examples 1, 2 and 3 show the methods for making 



aenirauou etm yiuum;* yt«u ~«ivp~» y~&-~.— Examples 1, I and 3 snow me Daemons lor uituuug 
susceptibilities and sizes. Changing the Fe(Ill)/Fc(II) ratios 30 reduced dpxtrans 0 f typc Tl, T5, and T10, respectively. 
"hnncfF^ if.* ivirtidft siv.fi, and alters the magnetic susceptv ^ , A A ;1 n „ n - ni t* n ~* r-^rWi iMtilnlim 



Example 4 describes preparation of reduced pullulan, 

Examples 5-9 describe the synthesis of carboxy methyl 
reduced dextran T10 with varying degrees of 
carboxyraethyhition, from native dextran T10, (Tabto 2). 

Examples 10-15 describe the synthesis of carboxymethyl 
reduced dextran T10 with varying degrees of 
carboxymethylation, starting with reduced dextran T10 
CTubie 3). 

Examples 16-18 describe the synthesis of carboxymethyl 



changes the particle size and allers the magnetic suscepti- 
bility. Higher ratios (for example, 2.0 mol/mol) lend to 
decrease susceptibility, whereas lower ratios (for example, 
less than 1.5 mol/mol) lend to increase particle size. 

Tho process may be adjusted to yield colloids with 35 
different biological properties by changing the type' of 
polysaccharide, and further dcrivalizing the particle after 
synthesis. 

The colloids (hat are an embodiment of the invention can Samples id-ih aescnoe me syninesis ui umui 

be used as contrast agents for magnetic resonance imaging 40 dw£|nm - no T/J0 am j 770 f rorn dextran. 
(MR1) or in other applications such: as magnetic fraction- E ^ mv \^ 1M 6 describe the preparation of reduced and 
ation of cells, immunoassays, magnetically targeted drug ^ ^ conditions of tho - 

delivery, and as therapeutic injectable iron supplements. in (bose examples were chosen to yield USl'lOs 

These colloids are particularly suited to paren eral ^ of n0n _ red;iccd polysaccharides, 

administration, because the final sterilization typically -is 45 readfons condUions for tbe native dextran iron oxide 
autoclaving, a preferred method since it e immates viability lionS W6r6 !he snmc M for lhe rcduced dextran 

of all cellular life forms mcludmg bacterial spores, and » * ^ of lhc fiamo moh ^u x weights, to allow corn- 
viruses. Previous methods for making colloids required the Qf ^ cffcdiveness of lh(J rcspwl i yo dextrans in 
addition of excipients such as citrate or low molecular coating particles. Mean volume diameter (MVD) and mag- 
weight polysaccharides as stabilizers during the autoclaving so ^ ** ' li( of hon ujddc prepRrations obtained using 
process (see U.S. Vat. Nos. 4,827,945 and 5^02,652) or comparison to native polysaccharides (prepared 
avoided heni stress altogether by use of 1 Iter stenlizatlon » P ^arized in Table 4. 



(see U.S. Pat. No, 5,150,726). Thus, the embodiments of the 
present invention comprising the colloid compositions, pro- 



in these examples) are summarized in Table 4, 

Examples 27-29 describe a procedure for the preparation 



present invention comprising me c u™ ™ ^ f ^.^ and ^ ^ [Q 

vide utilities as significantly unproved MRl contrast agents 55 - - ^ 3fl 



and hematinic agents that are iron supplements. The 
improvements provided in these agents over prior art are 
found in the following facts demonstrated in the examples 
herein; that the agents which are embodiments of the present 



Herein; mat inc agents wmui 310 ^uuumiw.w ^ i«v Lhnwn in Table 5 

fawfe. ,» hea, *dlU* by autodavih,, arc .bus • ^ 2 



iron oxide colloids having a particle diameter of less than 30 
nm. A comparison of effects of native dextrans (Examples 
27-29) and their respective reduced dextrans (Examples 19, 
21, and 23) in Lhe synthesis and properties of iron oxide 



optimized for long-term storage at ambjent temperatures; 
that these agents do not require the addition of excipients for 
maintenance of stability during tho sterilization or storage 
processes; that the agents are non-toxic to mammals includ 



Examples 30-31 describe the preparation USHOs coated 
with carboxymethyl native dextnm T10 and carboxymethyl 
reduced dextran T10, 
Examples 32-41 describe the preparation oif USPlOs 



nro c esses; u mv uic vnii. «ip ii uii-iuai^ iv -..w-«^ x - r 1Mft 

n K humans at higher doses; that an effective dose of the 65 coaled with carboxymethyl reduced dextran 110 prepare 



agents used for imaging is a smaller amount of material than 
the agents described in the art; and that the pharmacokinetics 



Hons containing varying extents of carboxymethylation, The 
effect of extent of carboxymethylation of CMUDs on colloid 
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size of VSPIOs is shown in Table 6. The effect of extent of was stirred for 12 b. The P H was brought to 5.0 using 6M 

carboxymethylalion of CMRDs on solubility of ferric/ HC1. and 200 ml ethanol (anhydrous) was added The 

ferrous 'chloride solutions is shown inTablc.7. precipitate was collected by ccnlnfugation. The ethanol/ 

Examples 42-48 describe (he synthesis of iron oxide sols water layer was decanted, and the residue was dissolved in 

and their stabilization with native and reduced dcxlrans and 5 100 ml water. Addition of 200 ml of absolute ethanol was 

CMRD, Example 49 describes preparation of CMRD coated used to cause a second precipitation, and the cibanol/water 

non-magnetic iron oxide colloid using base precipitation of was again decanted. The precipitated product was dissolved 

fcTric chloride and CMRD. 0 in water, and was lyophilized to produce a while solid, with 

Example 50 examines the effect of the process of steril- a 609& yield. The observed HPLC retention limes (min) 

izalion by auloclaving of various preparations of USPlOs 10 we re; for reduced dextran, 24,4; and for native dextran, 24.4. 
coated with reduced arjd native dextmns on the properties of 

these particles. The results are shown in Tables 8 and 9, I Example 2 

Example 51 reports the relaxation properties of various 

contrast agents compnring these properties for gadolinium Reduced Dextran T5 

based contrast agents and USPIOs prepared with ^native JS ^ dissolved in 25 ml water at 25° G, 

dextran and carboxymelhyl reduced dextran T10 (Hible 10) ga^^J^^ydrick) was added, and the mixture 

^ 20 to weight c Ut off (MWCO) ^c f^ ^ ^ 

anaphylatic type reaction is determined by volume of paw 20 was lyophilized to produce a white solid, and a 70% yield 
edemia. Similar studies were performed using native, was obtained. The observed HPLC retention times (mm) 
reduced, and' carboxymethylaled reduced dcxtrans. The • were: for reduced dextran, 22.9; fbr native dextran, 21.9. 
result are summarized Tables 11—14. 

Example 54 and FIGS. 4 and 5 show the kinetics of Example 3 . 

clearance of a CMRD coated TJSPIO from rat circulation, 25 

The halMife of the agent is determined, ^ ^uced Dextran T10 

An enhanced MRI scan is shown in Example 55 and PIG. Dextran T10 (5,003 g) was dissolved in 26,011 g water. 
6 following administration of CMRD coated USPIO, the Sodiui3b bore-hydride was added (52.5 g) and the mixture was 
scan showing images of the rat heart, aorta imd other s!kred for 24 hours. The P H was adjusted to 7.1 using 6 N 
cardiac-associated arteries .Example and FIG. 7 show a . f d b repealeU ultrafiltration 

. CMRD coated USPIO enhanced ^U» ^ aga ns a 3 kDa nllrafiltration membrane and lyophilized to 
portion of a pig. Example 57 shows hat imec Hot 1 of CMRD *Z ed HpLC 

SJ^^iSS^ fifc V- S? wcro: £or reduced doxtrsn ' 2U: ror 

Modislribution (FIG. 8), imaging kinetics (FIG. 9 and Table 35 native dextran, 21.1. 

15V and absence of background in MRI usage of this p vam „u a 

material in humans. The data in this example show the example ) 

ability of the practitioner of the invention to perform mul- TW 1IPPfl Pnlh.Hn 

tiple administrations and obtain subseqtionl images within Reduced fumuan 

the real time of an office visit or visit to a MRI facility. ^ puUulsn ( 90 mg ) was dissolved in 0.8 ml water at 25° C, 

EXAMPLES and 1 mg of sodium borohydride was added. The mixture 

. General Procedures for the Synthesis of Reduced Polysac- ■ was stirred for 12 h, and was used directly in the preparation 

charides of DSPIO. 

Reduced polysaccharides were prepared by treatment General Procedures for Synthesis of a Carboxymelhyl 

with excess sodium borohydride and generally purified 4* Reduced Dextran Using Native Dextran T-10 as a Substrate 

using five cycles of ultrafiltration. Distilled water is used Examples 5-9 describe the synthesis of carboxymelhyl 

throughout the examples. In the case of the polysaccharide re d U ccd dcxlrans from native dextran. TV/o general methods 

pulhilan, the reduction mixture was' used without ™ Tt j? cr 0 r synthesis arc presented, a low dextran concentration 

purification. In all cases, the products showed loss than 5/o / Exa le 5) in wbich lho starling concentration of 

residual aldehyde content Residual aldehyde concentration so d ex(ran was 70 mg/g, and a high dextran concenira- 

was determined using a modified Ictrazolrurn blue assay (Examples 6-9), in which the starring concen- 

plienol/suKuric acid assay (Kitchen, R., Proa Sugar Pro- Example 5 

cess. Res. Canf v 1983, 232-47). In cases where ultrafiltra- 55 

lion was omitted, it was demonstrated that, except for the Carboxymethyl Reduced Dextran T10 Prepared by 

dextran H, the residual Iwrate salts did not affect particle the Dextran Concentration Method 
formation. Examples 1 through 4 provide roothods of syn- 

thesis of reduce polysaccharides Tl, T5, and T10 dcxtrans, The following solutions were prepared and cooled to 5 

and puUulan, respectively. Retention limes were determined 60 C: Solution A contained 4,200 g sodium hydroxide tn 10.5 

usiuR a Waters Ullrahydrogel 250 column, SN T52262A33, liters of water; and Solution B contained 2,310 g bromoace- 

with 20 mM phosphate buffered saline, 0.4 ml/min flow rate, tic acid in 5,700 ml water. Solution C contained 3,000 g 

y r dextran T10 in 7,500 ml water, healed to 38° C. 

Example 1 - Sodium hydroxide (600 g) was dissolved in-7.5 liters of 

Reduced Dextran Tl 6S water and was warmed to 38° C. Sodium borohydride (60 g) 

Dextran Tl (10 g) was dissolved in 100 ml water at 25° was added and the mixture was stirred for 2 min before 

C 1 0 g of sodium borohydride was added, 'and the mixture adding Solution C ( followed immediately by adding a sec- 



IS 



ond 60 g portion of sodium borohydride. The mixture was 
stirred at 38° C, for 30 mm, and then cooled to 15° C. 
Solution A was added, Iceeping' tho temperature of the 
solution below 25° C. Solution B was added, and the 
temperature of the solution was maintained below 25° C, 
The mixture was stirred for 2 hours at room temperature^ and 
was neutralized to, pH 7.5 using 6M HCl cooled to 5° C, 
maintaining the solution temperature below 35° C. The 
mixture was filtered though a 0.2 /im filter, and diluted to 80 
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Example 8 

Carboxymethyl Reduced Dextran TiO Prepared by 
the High Dextran Concentration Method 

Sodium borohydridc (0.4 g) and 0.5 g of 50% Bodium 
hydroxide were added to a solution of 25 g dextran in 50 g 
water, The mixture was stirred for 4 hours al room 
temperature, and 20.67 g of 50% sodium hydroxide-and 7.65 
g bromoacelic acid were added while the temperature was 



liters. The product was purified by repealed ultrafiltration jo kept below 25° C. using an ice bath. The mixture was stirred 



through a 3 kDa MWCO ultrafiltration membrane, again 
tillered through a 0:2 /mi filter and was lyopbilized. 

The recovered solid, 2,560 g of carboxy methyl reduced 
dextran T10 (sodium salt), showed a carboxyl content of 
approximately 1,265 micromoles carboxyl per gram of 
product, as determined by titration. The use of bromoacetic 
acid allowed the reaction to proceed at a lower temperature 
compared to use of chloroacctic acid, and produced a cleaner 
product as evidenced by its FTIR spectrum (BIG. 1). PIG, 1 
shows no carbonyl absorption other than thai of the car- 
boxylale at 1600 cm -1 , unlike the FPIR of the product in 
U.S. Pat. Ho. 5,204,457 which was prepared with chloro- 
acetic acid. 

Example 6 

Carboxymethyl Reduced Dextran CMRD T10 
Prepared by the High Dextran Concentration 

Method 

Sodium borohydride (6.4 g) and 0.5 gpf * 50% solution 
weight/weight of sodium hydroxide in water were added;lo 
a solution of 25 g dextran in 50 g water. Tho mixture was 
stirred 4 hours al room temperature, 19.5 g of the 1;1 sodium 



15 



20 



25 



30 



for 16 hours at room temperature. The product was purified . 
as described In Example 6. The yield was 24.5 g of product 
having 1404 micromoles carboxyl per gram as measured by 
titration (Table 2). 

Example 9 

Carboxymethyl Reduced Dextran CMRD T10 
Prepared by the High Dextran Concentration 

Method 

Sodium borohydride (0.4 g) and 0.5 g of 50% solution of 
sodium hydroxide were added to n solution of 25 g dextran 
in 50 g water, The mixture was stirred for 4 hours at room 
temperature, and 20,67 g of 50% sodium hydroxide and 7,65 
g of bromoacetic acid were added while the temperature was 
keptbebw 25° C. using an ice bath. The mixture was stirred 
for 16 hours at room temperature, and the product was 
purified as described in Example 6. The yield was 23.4 g of 
product having 1528 micromoles carboxyl per gram of 
product as measured by titration (Table 2). 

The relationship between amount of bromoacelic acid 
used in the synthesis and the resulting incorporation of 
micromoles of carboxyl groups into dextran was examined 



Keactant masses and carboxmethyl yields for Examples 6 
through 9 are shown in Table 2. 

TABLE 2 



40 



stirred 4 hours at room temperature, xv^ o ™ nlu ™™ ~ * c ^ trftUon method. The relation 

hydroxide »^^«*^°^ 3S Z was found to be linear (see Table 2 and FIG. 3). 

and the temperature was kept below 25 C.usingan cebah. 35 £P^f nnd carboxmethvl vields for Examples 6 

The mixture was then stirred 16 hours at room temperature. 

To purify the product, the pH of the mixture was adjusted 
to pH 6.2 using 6 M HCl, and 120 ml ethanol was added. A 
precipitate formed And was allowed to settle, and the super- 
natant was removed by decanting: The residue was dis- 
solved in 60 ml waier; and 200 mg sodium chloride was 
added, followed by 30 ml ethanol, and the carboxymethyl 
reduced dextran was allowed to settle out. The sequence of 
addition of water and sodium chloride followed by disso- 
lution of the precipitate and ethanol precipitation, was 
repeated an additional two times. The residue was dissolved 
in 60 ml water, and 1 liter of ethanol was added. The 
carboxymethyl reduced dextran was again allowed to settle 
out and the solid was collected on a medium frit glass filter. 
The white solid was dried 24 hours at 50* C. The yield was 
27 g of product having 1108 micromoles carboxyl per gram 
as measured by titration (Table 2). 
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Carboxymethyl Reduced Dextran T10 Prepared by 
the High Dextran Concentration Method 

Sodium borohydridc (0.4 g) and 0.S g of 50% sodium 
hydroxide were added to a solution of 25 g dextran in 50 g 
water. The mixture was slirred 4 hours at room temperature, 
20,0 g 50% of sodium hydroxide and 6.95 g of bromoacetic 
acid were added and temperature was kept below 25° C. 
using an Ice hath while the mixture was stirred for 16 hours 
at room temperature. The product was purified as described 
in Example 6. The yield was 23.9 g o£ product having 1262 6S 
micromoles carboxyl per gram as measured by titration 
(Tfcble 2). 



Synthesis of Carboxymethyl Reduced Dextran Prepara- 
tions Using Reduced Dextran T-10 by the Low Dextran High 
Base Method 

Examples 10-14 describe the synthesis of carboxymethyl 
reduced dextrans with varying degrees of substitution start- 
ing with a low concentration of reduced dextran. In this 
method, the starting concentration of reduced dextran whs 
70 mg/g and the NaOH was at least about 107 mg/g, Table 
3 shows that the extent of carboxymethyl substitution 
increased as the amount of bromoacetic acid used in tho 
reaction increased. 

Example 10 

Carboxymethyl Reduced Dextran CMRD T10 
Using the Low Dextran High Base Method 

Reduced dextran T10 (15 g) was dissolved in 72 ml water, 
and 72 ml of 8M sodium hydroxide was added. The mixture 
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was brought to 25° C., and a solution of 1,15 g bromoacenc 
acid in 3 ml of water was added. The mixture was stirred at 
room temperature for 1 hour, and then added to a 75 ml 
volume of crushed ice. The pH of (he solution was brought 
to pH 6.0 using GM HCL After repented ultrafiltration 
against a 3 kDn ultrafiltration membrane, the product was 
lyophilized, The yield was 13.25 g oE product, The recovered 
solid, carboxymethyl reduced dextran HO (sodium salt), 
showed a carboxyl content of approximately 110 micro- 
moles carboxyl per gram as determined by titration (Tuble 

3). 

Example 11 . 

Carboxymethyl Reduced Dextran T10 Using the 
Low Dextran High Base Method 

Reduced dextran T10 (150 g) was dissolved in 720 ml 
water, and 720 ml of 8M sodium hydroxide was added. The 
mixture was brought to 25° C, and a solution of 11.5 g 
bromoncctic acid in 140 ml water was added, The mixture 
was stirred at room temperature for 1 hour, added to a 750 
ml volume of crushed ice, and the pH of tbe solution was 
brought to pH 6.0 with 6M HC1. After repeated ultrafiltration 
ngainsl a 3 kDa MWCO ultrafiltration membrane, the prod- 
uct was lyophilized. The yield was 126.21 g of recovered 
solid carboxymethyl reduced dextran T10 (sodium salt), 
having a carboxyl content of approximately 130 microraoleR 
carboxyl per gram product as determined by titration (lable 
3). 

Example 12 

Carboxymethyl Reduced Dextran CMRD T10 
Using tho Low Dextran High Base Method 
Reduced dextran T10 (150 g) was dissolved in 720 ml 
water, and 720 ml of 8M sodium hydroxide was added. The 
mixture was brought to 25° C, a solution of 26.6 g bro- 
moacetic ncid in 140 ml water was added, and the mixture 
was stirred til room temperature for 1 hour and added to a 
750 ml volume of crushed ice. The pll of the solution was 
hroughi to pH fi.O with 6M HCl, After repeated ultrafiltration 
against a 3 kDa MWCO ultrafiltration membrane, the prod- 



mixture was brought to 25° C„ and a solution of 58.8 g of 
bromoacctic acid in 140 ml water was added. The mixture 
was stirred at room temperature for 1 hour, and was then 
added to a 750 ml volume of crushed ico. The pH of the 
s solution was brought to pH 6.0 using 6M HCl. After 
repeated ultrafiltrations against a 3 kDa MWCO ultrafiltra- 
tion mcmbrane,'tbc product was lyophilized. The yield was 
127.88 g of the recovered solid carboxymethyl reduced 
dextran T10 (sodium sail), having a carboxyl content of 
id approximately 580 micromoles carboxyl per gram product 
as determined by titration (Table 3). 

Table 3 shows that the extent of carboxymethyl substitu- 
tion observed was a function of the amount of bromoacctic 
acid used in the reaction. Tho data show that generally 
15 increasing the amount of bromoacelic acid in the reaction 
resulted in increasing levels of COOH in the product. The 
yield of carboxymethyl incorporation was also aflfceted by 
conditions such as scale of the reaction, for example, as in 
Examples 13 Bnd 14. » 
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TABLE 3 



Prepnnilton of CMRDa with varying 
extents of CTuboxywclhylnlioH. . 
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30 





dcxlran 


NaOH 


brwnoacellc 


lixampJo 


mete 


m^g 


acid nigfe 


10 


75 


115.7 


5,77 




75 


115.7 


5.77 


12 


73 


in.6 


. 16.7 


13 


70 


107.2 


27.3 


14 


70 


107.2 


27,3 



micromoles 
COOH/g finxind 



110 

130 
280 
450 
5S0 
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Example 15 

Carboxymethyl Reduced Dextran T10 from a 
Commercial Source 



Carboxymethyl reduced dextran was purchased from 

ugmuM u — .« » ww - - . Amersham-Pharmacin. The solid showed a carboxyl content 

ucl was lyophilized. The yield was not determined. The A0 0 f approximately 1887 micromoles carboxyl per gram prod - 
recovered solid, carboxymethyl reduced dextran T10 uci as d^mained by titration, 

(sodium salt), showed a carboxyl content of approximately 

280 micromoles carboxyl per gram product as determined 
by titration (Table 3). 

45 



Example 13 

Carboxymethyl Reduced Dextran CMRD T10 
Using the Low Dextran High Base Method 
Reduced dextrun 110 (15 g) was dissolved in 72 ml of 



Examples 16-18 describe synthesis of carboxymethyl 
dextran from native, non-reduced dextran T-10, T-40, and 
T-70, respectively. 

Example 16 
Carboxymethyl Dextran T10 
The following solutions were prepared and cooled to 5' 



m£aiw hydroxide was added. The 50 C, Solution A; 105.2 g sodium hydroxide in 250 ml water; 

■ *>lution * 3.45 g of Solution B: 58.0 g bromoacelic acid in 142.5 ml water; and 

mixture was orouyji _ . _ , Solution C: 75.7 g dcxlran'TlO in 187.5 ml water. 

To Solution C and Solution A were added sodium hydrox- 
ide (14.4 g) dissolved in 187.5 ml water while maintaining 
the temperature of the solution below 25° C. Solution B was 
added, keeping tho temperature below 25° C,, and the 



bromoncetic acid in 8 ml water was added. The mixture was 
stirred at room temperature tor 1 hour, and then added to a 
75 ml volume of crushed ice. The pH of the solution was 
brought to pH 6.0 with 6M HCl. After repeated ultrafiltra- 
tions against 3 kDa MWCO ultrafiltration membranes, the 
product was lyophilized. The yield was 9.4 g of recovered 
solid carboxymethyl Teduccd dextran T10 (sodium salt), 
having a. carboxyl content of approximately 450 micromoles 



55 



resulting solution was stirred for 2 hours at room 
temperature, then was neutralized to pH 7.5 with 6M HCl 
(cooled to 5° C.) while maintaining the solution temperature 



3> 



wboxyl per ran product as determined by titration (IWe m below 35° C. The mixture was passed through a 0.2/m pore 
carooxyipcrgra p size filter, and diluted to 2 liters. Tho product was purified by 

repeated ultrafiltration against a 3 kDa MWCO ultrafiltration 
membrane, 0,2 jum filtered again, and lyophilized. The yield 
was 53.17 g, and the recovered solid carboxymethyl dextran 
T10 (sodium salt) showed a carboxyl content of approxi- 
mately 1220 micromoles carboxyl per gram product as 
determined by titration. 



Example 14 

Carboxymethyl Reduced Dextran CfvlRD T10 
Using the Low Dextran High Base Method 6S 
Reduced dextran T10 (150 g) was dissolved in 720 ml of 
water, and 720 ml of 8M sodium hydroxide was added. Tbe 
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Example 17 
Caiboxy methyl Dexlrtm T40 



20 



The following solutions were prepared and cooled to 5° 
C; Solution A: 154 g sodium hydroxide in 480 ml water; 
Solution B:' 77 g bromoacetic acid in 260 ml water; and 
Solution C; 100 g dextran T40 in 400 ml water, 

Solution A was added to Solution C all at once, After 5 M _, v v , 

min, Solution B was added and the combined solution was 10 xWI, 20, 3351-3364). 
stirred for 120 min while the temperature was maintained 
between 20° C, and 25° C. The mixture was neutralized with 
6 M HCi, was 0.2 /mi filtered, and diluted lo 2 liters. The 
product was purified by repeated ultrafiltration against 31cDa 
MWCO ultrafiltration membranes, was 0,2 /mi filtered, and l5 
was lyophilized. The yield was 105,1 g of recovered solid 
carboxymethyl dextran T40 (sodium salt), which showed a 
carboxyl content of about 1390 micromolcs carboxyl per 
gram product as determined by titration. 



magnetic susceptibility, except for those samples containing 
particulate materials, were then measured. Particle sizes 
were determined by measurement of dynamic light scatter- 
ing in a Microtrac® UFA instrument (Honeywell IAC 
Microlrac, Port Washington, Pa.) and are ieported as the 
mean volume diameter (MVD). Magnetic susceptibility was 
determined with a Mathey Johnson magnetic susceptibility 
balance. Iron concentrations were determined with a bipy- 
ridyl assay (Kumar K. f /. Llq. Cltromatogn Relnt. TeclmoL, 



Example 19 

Preparation of Reduced Dextran Tl Coaled USPTO 
Reduced dextran Tl (1.7 g) was dissolved in 20 ml water, 



and a solution of 3 g of ferric chloride hexahydratc and 1,5 
g of ferrous chloride tctrahydrate in 32 g water was added. 
The mixture was purged with' nitrogen for 30 min, cooled to 
5° C, and 12.7 g of 28% ammonium hydroxide was added 
20 with stirring during a 2 min period. The mixture was heated 
to 60° C, maintained at this temperature for 40 min f then 
incubated at 80° C, for 2 h. The product was subjected to six 
cycles of ultrafiltration against water using a 100 kDa 

Ihc toJiowmg solutions wok pi «>i«..*u .».u v MWCO membrane fitter. After ul Iran Urn lion. »h» P»d>J c * 

C; Solution A; 154 g sodium hydroxide in 480 ml water; 25 was mtcrcC | through a 0.2 //m filter and stored at 4 C. the 

« »..•_. t». n _ i *r*iA ml water' flnd «»>>/ftinl tuna nh«An/Af1 lo hnvo the following properties;. I he 



Example 18 

Carboxymethyl Dextran T70 
The following solutions were prepared and cooled to 5 l 



Solution B; 77 g bromoacetic acid 260 ml water; and 
Solution C: 100 g dextran T70 in 400 mi water. 

Solution A was added to Solution C all at once. After 5 
min, Solution B was added, and the combined solution was 
stirred, maintaining the temperature between 20° C and 25° 
C. using an ice bath. After 120 min, the solution was 
neutralized with 6 M HCI. 'Hie solution was 0.2/tm filtered, 
and diluted lo 2 liters. The product was purified by repeated 
ultrafiltration against 3 kDa MWCO ultrafiltration 
membranes, was 0.2 //m filtered again and was lyophilized. 
The yield was 106.9 g of recovered solid carboxymethyl 
dextran 170 (sodium salt), having a carboxyl content of 
about 1380 micromolcs carboxyl per gram product as deter- 
mined by titration. 

General Procedure for the Preparation of Superparamag- 
netic Colloids for Comparison of the Properties of USPIO 
Preparations Coated with Either of Reduced or Non-reduced 
Polysaccharides 

Examples 19-26 were conducted to compare polysaccha- 
ride coated iron oxide products obtained from pairs of native 
and reduced polysaccharides of identical molecular weights. 
Identical procedures were utilized for the preparation of 
USPIO colloids for each pair of native and reduced polysac 
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product was observed to have the following properliesUhe 
mean volume diameter (determined by use of a Microlrac 
Particle Size Analyzer) was 18 nm; the magnetic suscepti- 
bility was 13.323X10" 6 cgs/g Fe. 

Example 20 

Preparation of Native Dextran Tl Coated Iron 

Oxide 

Native dextran Tl iron oxide was prepared by the method 
described above for the reduced dextran in Example 19 
except that native dextran Tl was used instead of reduced 
dextran Tl. The product was observed lo have the following 
properties: the mean volume diumeier (determined by use of 
a Microlrac Particle Size Analyzer) was 2764- mn; the 
mugneliu susceptibility was l,953xl0~ 6 cgs/g Fe, 

• Example 21 

Preparation of Reduced Dextran T5 Coated USPIO 

Reduced dextran T5 (0,45 g) was dissolved in 13 mi 
water, and a solution of 0.5 g of ferric chloride hexahydrate 
and 0.25 a of ferrous chloride tetrahydrate in 4,5 g water was 



USPIO colloids tor eacn pair oi uauvc «wj iwu^u ailu u,*^ B w **v.w— »--., - , - 

charide of identical molecular weight. In particular, the same - $Q n dded. The mixture was purged with nitrogen for 30 min, 

£^ari£ to iron ratio and iron concentration was used CO olcd to 5* G, and 1.42 g of 28% ammonium hydroxide 

for each molecular weight pair. The polysaccharide to iron was added with stirring during a 2 mm period. The mixture 

raUo and Ton concentration utilized for each native and was heated at 80« C. for 2 h, and was purified ns desenbed 

reduced polysaccharide pair were chosen to yield a 0.2 fan in Example 19. The product was observed to have the 

filterable USPIO with ft diameter ot! less than 30 nm and a S5 following properties: the mean volume diameter 

^ ..i ^ rt^irv-tf^tuiU w.i. m {„.H iw nc#» r%f n Mitn-nLrac Parlic © Sl7.fi AnalVXCn 



(determined by use of a Microlrac Particle Si7.fi Analyxer) 
was 16 nm; the magnetic susceptibility was 33,943x10" 
cgs/g Fe. 



mTgncUc susceptibility of greater than 20,000xlCT tf cgs with 
the reduced polysaccharide. 

The general procedure involved addition of excess ammo- 
nium hydroxide to n solution of iron salts (lV^/Fe**) and 
polysaccharide, followed by heating, and performing six 6 () 
cycles of ultrafiltration against water using a 100 kDa 
MWCO membrane filter. After ultra filtration, the USPIO 
preparations formed with reduced polysaccharide were fil- 
tered through a 0.2 //m filter and stored at 4° C. „. y ----- - . ; t - 

It was observed Ibal for iron oxides prepared with a native 65 described above for the reduced dcxtran m Example 21 
JZ^^oS^^ dextran T10 coated iron except that native dextran T5 was used xnsteac of reduced 
^w£^u™& a 0.2 /<m filter. The size and dextran T5. The product was observed lo have the following 



Example 22 

Preparation of Native Dextran T5 Coaled Iron 

Oxide 

Native dextran T5 iron oxide was prepared by the mclhod 
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properties: the mean volume diameter (determined by use of Example 26 

a Microbe Particle Size Analyzer) was 1,916 nm, Preparation of Native Pulluian Coated Iron Oxide 

Pv^rrmlp ?q Native pulluian iron oxide was prepared by the method 

example m i described above for the reduced pulluian in Example 25 

^ c « j j Tinp«»i^ except (hat native pulluian was used instead of reduced 

Preparation of Reduced Dcxlran T10 Coaled ^ w obswwd (q hjvo ^ foUowing 

UMMU properties: the mean volume diameter (determined by use of 

Reduced dextran 110 (2.7 g) was dissolved in 70 ml a Microlrac Particle Size Analyzer) was 1,184 nm, 

water, and a solution of 2.0 g ferric chloride hexahydrate and Properties of Iron Oxide Preparations Obtained Using 

1,0 g [ferrous chloride tetrahydrate in 27 g water was added, 10 Reduced in Comparison to Native Polys acclia rides 

The mixture was purged with nitrogen for 30 rain, cooled to (Comparison of Data Obtained from Examples 19-26) 

5° C and 8 5 g oC 2R% ammonium hydroxide was added In general for MRI contrast agents, an iron oxide contrast 

with stirring during a 2 mio period, Hie mixture was heated agent particle of small size ' is preferred, for example, a 

at 80° C, for 2 h and purified as described iu Example 19. particle having a diameter in the range of 10 to 50 nm, 

•rte product was observed to have the following properties: 15 Father, ™ ovAtot greater magnetic susceptibility, and 

the meaa volume diameter (determined by use of a of greater homogeneity !s preferred. 

Microtrac Particle Size Analyzer) was 12 nm; the magnetic It is observed from the data ot Examples 19-26 thai the 

susceptibility was 31/743X10" 6 cgs/g Fe. P™<™e of a reduced terminal sugar of a polysaccharide 

' ■ (reduced polysaccharide) used to coat an iron oxide had an 

Example 24 - 20 unexpected and substantial effect on the diameter of par- 
ticles of each of the resulting colloids, compared to similarly 

Preparation of Native Dexirnu T10 Coaled Iron produced iron oxides made using native non-reduced 

Oxide polysaccharide. Table 4 shows the size of particles formed 

... for each pair of native and reduced polysaccharides, as 
Native dextran T10 iron oxide was prepared by the 7S indicale(J by (hp mcm voIumc diameters (MVD). The con- 
method described above for the reduced dextran in Example centration of reduced and native polysaccharides were kept 
23 oxcepL that native dextran T10 was used instead of constant within each molecular weight group. Conccnlra- 
rcduced dextran T10. The product was observed to have the [\ om were selected to optimize the synthesis of USPIO with 
following properties; the mean volume diameter reduced polysaccharide. For all polysaccharides, use of the 
(determined by use of a Microtrac Particle Size Analyzer) 30 native non-reduced polysaccharide consistently produced a 
was 757 nm; the magnetic susceptibility was 31,252x10-* larger particle than did ™» of the reduced dextran, so that the 
' _ reduced polysaccharide consistently gave the preferred 
cgp/g * e ' smaller particle. 

Example 25 Further, for each pair of polysaccharides of a given 

35 molecular weight that was synthesized . and tested, the 

Preparation of Reduced Pulluian Coated USPIO USPIO preparation coated with reduced polysaccharides 

■ ( demonstrated a higher magnetic susceptibility value than the 

Reduced pulluian (0.045 g) was dissolved in 0.4 ml water, corresponding iron oxide preparation synthesized with 

and a solution of 0,106 g ferric chloride hexahydrate and m iwe polysaccharide, except for colloids obtained with 

0.05 g ferrous chloride lolrahydrate in 1.3 g water was AO dexlnm 710 for which magnetic susceptibilities of reduced 

added. The mixture was purged with nitrogen for 30 min, ancI nalivo coa ij n g S W ere equivalent, 

cooled to 5° C„ and 0.044 g of 28% ammonium hydroxide Tbesc datQ indicate lhat use 0 f R reduced polysaccharide 

was added with stirring during a 2 min-period. The mixture pre parnlI6n of coated USPIO colloids yields preferred 

was heated at 80° C. for 0.67 h and punhed as describee in J { ]qss f { ^ 

Example 19. m .product was observed to « £ ^ demon Irate the wqufafag effect that reduc- 

ng properties: the mean volume diameter (determined by , y :, " , . . 1 . . fKo 

use of a Microtrac Particle Size Analyzer) was 20 nm; the lion of the aldehyde ot a polysaccharide has upon the 

magnetic susceptibility was 27,066x10^ cgs/g Pe. synthesis of a poiysaccharide-coated USPIO. 



TABLE 4 



Comparison of properties or Iron oxides motto with native or reduced 
polysaccharides under conditions that form a USPIO with reduced polysaccharides, 

ratio of 
polysncchniido MVD 

per Fv t nm ^ MS * _ 



Example 


polys ncctinricto 




redo cod 


native 


reduced 


rwUYc 


39, 20 


dcxtmn T1 


1.6 


1R 


2,764 


13,323 


1,953 


21,22 


dcxlron TS 


2.9 


16 


1,916 


33,943 


h 


23,24 


dcxlmn T10 


<1.6 


21 


757 


31,743 


31,252 


25,26 


pViUulan 


3.9 


20 


1,164 


27,066 


b 



•Magnetic susceptibility (x 1(T* cgs/g Pe) 

^Tbo sample was particulate, could not be filtered through ft 0.2 /on ftltor, and magnetic sus- 
ceptibility wes no I determined. 
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Properties of Iron Oxides Prepared with Native Non- 
reduced Tl f T5 nnd T10 Dextrans of Mean M)lumo Diameter 
Loss than 30 nm 

Examples 27 through 29 show the preparation of iron 
oxides obtained from native dextran Tl, T5, and T10. 5 
Colloids were prepared using non-reduced (native) dextrans 
as described for reduced dextrans (Examples 19, 21, and 23), 
except that the preparation of these native non-reduced 
dextran particles required about 10- to 34-fold more dextran 
than their corresponding reduced dextran counterpart to ™ 
produce iron oxides of corresponding size. 'ttie requirement 
for increased dextran usage is sliown by comparing the 
dextran lo iron ratio of the products for corresponding 
molecular weight pairs of iron oxides shown (Tablo 5), 

The data show that the magnetic properties, and the 
efficiency of dextran use during synthesis, of iron oxide 
particles prepared with each of native dextrans Tl t T5, and 
T10 were inferior compared with corresponding properties 
of particles prepared with each counterpart reduced dextran. 



tetrahydrate in 477 g water was added, lb this mixture was 
added 786 g of 28% ammonium hydroxide solution, cooled 
to 5° C. the mixture was healed lo 80° C„ incubated at 80° 
C. for 2 hours, and then poured into 80 liters of water heated 
to 80° C. The mixture was allowed lo cool overnight, 0.2 /im 
Altered, and purified by ultrafiltration using a 100 fcDa 
■ultrafiltration membrane. The product was 0.2 /<m filtered. 
The product was observed to have the following properties: 
tho mean volume diameter (determined by use of a 
Microtrac Particle Size Analyzer) was 21 nm; the magnetic 
susceptibility was 32,7l2xl0- d cgs/g Pe. 

TABLE 5 



IS 



Magnetic susceptibility nnd parlhrjc size 
properties aE polysaccharide cooled iron 
oxides: o comparison of native dcxlrnns 
(Rnmpleic 27-29) wilh respective reduced dcxtian* 
(Examples 19, 21, and 23) tinder condition* lr> give particles 
of fcjtit Ihnn 30 nm MVO with mnximum mnpne tic liiisccplibililv 
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Examples 27 

Preparation of Iron Oxide Coated with Native Tl 

Dextran 



Exnmplo dexlrprt type dcxtrrm/Fo MVP (nm) MS' 

iron oxides prepared with jatlvo doxlipn 
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A mixltiTO of 0.42 g ferric chloride hoxahydrate, 0.21 g 
fermus chloride tetrahydrate, and 7.27 g water was filtered 
through a 0,2 /rat filter. A 1.0 g portion of this mixture was ■ 
added to 10 ml of an aqueous solution of 0.1 g dextran Tl/g 
water. Tfio mixture was purged wilh nitrogen before adding ^ 
0.22 ml of 28% ammonium hydroxide. solution. The mixture 
was heated at 80° C. for 1 hour, cooled to room temperature 
and filtered through a 0.2 /<m filler. The product was 
observed to have the following properties: the mean volume 
diameter (determined by use of a Microtrac Particle Size ^ 
Analyzer) was 27 nm; the magnetic susceptibility was 
2325x10'* cgs/g Fe. 



27 


dextran T] 


55 27 


2,325 


28' 


dxytlron T5 


44 20 


1,285 


29 


doilmnTlO 


44 21 


32,732 




iron oxide? prepared 


with reduced dextrnn 




3S> 


dextran T3 


1.6 13 


33,323 


21 


dextran T5 


2.9 36 


33,943 


23 


dextran T10 


A.O 12 


31,743 



Examples 28 

Preparation of Iron Oxide Coated with Nativo TS 

Dextran . 
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Dextran T5 (0.8 g) was dissolved in 9 ml water, and added 
to 0.63 ml of a 0,2 /rai filtered solution of 51.8 mg ferric 
chloride hexahydrate and 25.9 mg ferrous chloride tetrahy- 
drate in 9.2 ml water. The mixture was purged wilh nitrogen 
before adding 1.4 ml 28% ammonium hydroxide solution. 
The mixture was heated at 80° C, for 1 hour, cooled lo room 
temperature, and filtered through a 0.2 /tm filler. The product 
was observed to have the following properties: tho mean 50 
volume diameter (delermined by use of a Microtrac Parliele 
Size Analyzer) was 20 nm; the magnetic susceptibility was 
1285xlO" G cgs/g Fe, 



Examples 29 55 

Preparation of Iron Oxide Coated with Native T10 

Dextran 

Dextran T10 (9420 g) was dissolved in 14915 g water. A 
14915 g portion of this mixture was filtered through a 0,2 /(m so 
filter, and added to the reaction vessel. Ferric chloride 
hexahydrate (891 g) was dissolved in 713 g water. A 1129 g 
portion was 0,2 /an filtered and added to the reaction vessel 
containing the dextran, The mixture was cooled to 5° C. with 
stirring overnight while bubbling nitrogen through the mix- 
ture. Before Ihe last 30 min. of the nitrogen purge, a 580 g 
portion of a 0.2/im" filtered solution of 359 g ferrous chloride 
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'Magnetic laiEcuptibitity (xlO"* 1 cg«/g Fo) 

The polysBcchurideTFo ratio whs varied for each tlcxliuo in order lo 
obtain Et USPIQ with u MVD of lees Ihno or equal lo 30 inn, 

Preparation USPlOs Coaled with Carboxymcthyl Native 
Dextran T10 and Carboxymcthyl Reduced Dextran T10 
Containing Varying Degrees of Carboxymethyhlion 

Examples 30 and 31 describe preparation of USPIO 
coated with carboxymethyl native and reduced dextran T10, 
respectively. Examples 32^-36 describe the synthesis of 
USPIO compositions coaled with carboxymethyl reduced 
dextran T10 preparations, containing varying degrees of 
corboxymethylation. Examples 37-41 describe the solubil- 
ity of preparations containing ferric chloride and carboxym- 
ethyl reduced dextran T10 containing varying degrees of 
carboxymelhylation. 

Example 30 

Preparation of USPIO Coated with Carboxymethyl 

Dextran T10 

Carboxymethyl dexlran T10 (60 g, prepared by the 
melhod Example 16) was dissolved in 532 g water; A 
solution of 14.7 g ferric chloride hexahydrate, 7.2 g ferrous 
chloride tetrahydrate, and 100 ml waler, was tillered through 
a 0,2 /im, and added. The mixture was cooled to 10° C, 
purged wilh nitrogen, and 52.2 ml of 28% ammonium 
hydroxide solution was added wilh stirring. The mixture was 
heated lo 75° C., maintained at 75° C. for 30 min, diluted 
with 2,5 liter waLcr, and filtered through a 0.2 /fm filter. The 
product was purified by repeated ultra filtration against a 100 
IcDa MWCO membrane, concentrated lo 20 mg Pe/ml, and 
again filtered through a 0.2 ftm filler, The product was 
observed to have the following properties: MVD 
(determined by use of a Microtrac Particle Size Analyzer) 
was 19 nm; the magnetic suscoplibility was 27,835xlQ~ d 
cgs/g Fo; nnd the cnrboxyl content was 1,220 micromolcs 
per gram of the CMRD. To determine stability in response 
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to auloclaving, a sample of the product was placed in a Example 34 

sealed 5 ml glass vial, and heated lo 121° C. for 30 min (sec 

Table 9), Preparation of USPIO Coated with Carboxymethyl 

„ . Reduced Dextran T10 Having 280 Micromoles 

Example 31 5 Carboxyl per Gram 

Preparation of USPIO Coated with Carboxymethyl 

Reduced Dextraa T10 Carboxymethyl reduced dexlran T10 (4 g, prepared in 

™« y.rx j 1 Example 12) was dissolved in 8S ml water. To this was 

Reduced carboxymelhy (ton TIG (40 g [prepared an of fcrric cMorid( . 

Example 5) was dissolved ml 038 in* 10 Lxahydrate,^ g ferrous chloride letrahydrato, and 37.3 

throuch a 0.2 itm pore she filter. A 0.2 /<ra filtered solution uwnu>ui«i i^'b* ' 
o f 3 0% ferric chloride hexahydrate and 15 g of ferrous ml water.The mixture was cooled to 10* C andpu gedwi^ 
chloride lelrahydraie in 374 ml of water was added lo the nitrogen, To the mixture was added with stirring 11.4 g of 
dextran, with a 31 ml water wash. The solution was cooled 2S% ammonium hydroxide solution, the mixture was heated 
to 10° C., and 114 g of 78% ammonium hydroxide was 15 i 0 orj° C, maintained at 78° C, for 60 min, and then 
added.* The colloidal mixture was heated lo 78° C. and maintained at 78° C. while air was bubbled through the 
maintained at that temperature for one hour, The solution mixture. The mixture was diluted with 1.5 liters of water, 
was then diluted to 3 liter with water, cooled to 10° C, and flIK j fi] lorcn - through a 0.2 /<ra filler. The product wnspurified 
ullraffliered 6 times with a YM-100 filter membrane (100 rcpeated ultrafiltration against a 100 kDa MWCO 

kDa MWCO). A final concentration of 21.1 mg Wgwas 20 * £ d b filtrulion {] h a 02 mw% 

obtained. The product was observed to have the following """"^ ' 7 
properties: the mean volume diameter (Microtrac Particle 

Size Analyzer) was 21 am; the magnetic suscepUbillty wns Example 3> 

32,732x10"* cgjj/g Fe; and the carboxyl content was 1,265 

raicromoles per gram of the CMRD. The content* of the 2s Preparation of USPIO Coaled with Carboxymethyl 
particle was determined to be about 50% Fe and 50% Reduced Dextran T10 Having 450 Micromoles 

dextran. To determine stability in response lo aulociaving, a Carboxyl per Gram 

sample of the product was placed in a scaled 5 ml glass vial, 

and healed to 121° C. for 30 min (see labie 9), Carboxymethyl reduced dexlran T10 (4 g, prepared in 

E , , 32 30 Example 13) was dissolved in 85 ml water. To this was 

added a 0.2 /nn tillered solution of 2,99 g ferric chloride 
Preparation of USPIO Coated with Carboxymethyl hexahydrate, 1,49 g ferrous chloride tctrahydrate, and 37,3 

Reduced Dexlran T10 Having 110 Micromoles m ] water. The mixture was cooled to 10° C, and purged with 

Carboxyl per Gram 35 nitrogen before adding 11 .4 g of 28% ammonium hydroxide 

Carboxymethyl reduced dextran T10 (4 g, prepared in solution with stirring The mixture .was heated to 90° C 
Example 10) wL dissolved in 85 ml water. To this was maintained a( 78° C for 60 min and then mamtamed at 78 
added a 0.2 ,,m filtered mixture of 2.99 g ferric chloride C. while air was bubbled through the mixture. The mature 
hexahydrate 1,49 g ferrous chloride tetrahydrale, and 373 was diluted with 1.5 liters of water, filtered through a 0.2 /on 
ml water lie mixture was cooled lo 10° C„ purged wilh 40 filter, and was purified by repeated ultrafiltration against a 
nitrogen, 11.4 g of 28% ammonium hydroxide solution was 100 kDa MWCO membrane followed by filtration through 
added with stirring the mixture was heated to 90° C, a 0,2 mn filter, 
maintained at 78* C, for 60 minutes, and then maintained at 

78° C. while bubbling air through the mixture. The mixture Example 36 

was diluted with 1,5 liters of water, and was filtered through 45 - 

a 0.2 pax filter. The product was ^purified by repeated Preparation of USPIO Coated with Carboxymethyl 

ultrafiltration against a 100 kDa MWCO membrane and ^ Hnving sg0 Micromoles 

again filtered through a 0.2 /«n filter. Carboxyl per Gram 

Ctirboxyinelhyl reduced dextran T10 (40 g, prepared in 



Example 33 50 



Preparation of USPIO Coated with Carboxymethyl Example 14) was dissolved in 85 ml water. To this was 

Reduced Dextran T10 Having 130 Micromoles ftt jdcd B 0.2 /tm filtered solution of 29.9 g ferric chloride 

Carboxyl per Gram hexahydrate, 14,9 g ferrous chloride telrahydrate, and 373 

Carboxymethyl reduced dexlran T10 (40 g, prepared in SS ml water. The mixture was cooled to 10° C., purged with 

Example 11) was dissolved in 850 ml water. To this was nitrogen, 11.4 g of 28% ammonium hydroxy solution with 

added a 0.2 mn filtered mixture of 29.9 g 'ferric chloride stirring. The mixture was heated to 90 G, maintained at 78 

hexahydrate, 14.9 g ferrous chloride tctrahydrate, and 373 C. for 60 mm, then maintained at 78° C. while bubbling air 

ml water. The mixture was cooled to 10° C, purged with through the mixture. The mixture was diluted with 1.5 liters 

nitrogen, 114 ml of 28% ammonium hydroxide solution was eo of water and filtered through a 0.2 filter, and was purified 

added wilh stirring, the mixture was healed to 90° C., by repeated ultra-filtration against a 100 kDa MWCO mem- 

maintaincd at 78° C, for 60 rain, and then maintained at 78° 5 raric followed by filtration through a 0.2 itm filter. 

C. while bubbling air through the mixture. The mixture was ^ t u^n\Ax>Ti 

mCd with 1.5 liters of waTer, and filtered through a 0.2/im The ettect of degree of carboxymethylahon of the CMRD 

fil er The producl was purified by repealed ultrafiltration 65 coated USPIO* on colloid size was compared Examples 
Snsl a 100 kDa MWCO membrane, concentrnled to 20 31-36, Table 6. The MVD values 0 the resulting collo^s 

mg Pe/ml, and again filtered through a 0.2 //m filter. were reasonably uniform between CMRD preparations con 
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(aining 110 to 1265 raicroriioles of carboxyl per gram of 
product, 



TABLE 6 



Porltele sizca of TJSIMO colloids prepared with doxtran 
TiD CMUPtf hnvlne vnrvine degrees of cnrboxymethvlntion. 



— 5 



Example mioromolw CO OH/ 
# g doxlran 



mean volume 
diameter, nm 



32 


no 


12 


33 


130 


15 


34 


28Q 


18 


35 


450 


16 


36 


580 


20 


'31 


1265 


21 



through a 0.2 //m pore si«i filter. Carboxymethyl reduced 
dextran 110 (40.3 g id 1,033 ml, prepared in Example 15 ) 
was added, the mixture was shaken, and was cooled to 5° C. 
An orange white precipitate was observed. 

The effect of varying the degree of carboxymethylation of 
CMRDs on the first step of the CMRD-USPIO synthesis, 
i,e., combining the aqueous mixtures of CMRD with the iron 
chloride solutions, was analyzed. The various CMRD prepa- 
rations were mixed with iron sails at a fixed iron 
io concentration, the CMRD preparations differing only in 
degree of carboxymethylation as described in Examples 
37_41. From 1,108 to 1,404 rnicromoles carboxyl per gram 
dextran, the CMRD formed a homogeneous mixture in the 
presence of ferric chloride (Table 7). 



15 



TABLE 7 



Example 37 

Mixing of Carboxymelhyl Reduced Dextran T10 
Having 1,108 Microraoles CaTboxyl per Gram with 
Ferric Chloride Solution 



20 



Precipitation of CMKDa having vnrylnrj levels 
of aubaxyl groups oflcr ittldillon of iron sntis 
from mixtures of CMRD (2S m^B solution) and 
ferric chlorido (i9 iWk tj ololionV 



As a step in particle synthesis, ferric chloride (0.3 g) was 
dissolved in 15 ml water and was tillered through a 0.2 /mi 
pore size filter. Carboxymethyl reduced dextran (prepared in 25 
Example 6) was added, the mixture was shaken, and was 
cooled to 10° C. No precipitate was observed. 

Example 38 

Mixing of Carboxymethyl Reduced Doxlran T10 30 
Having 1,262 Micromoles Carboxyl per Gram with 
Ferric Chloride Solution 

Ferric chloride (03 g) was dissolved in 15 ml water and 
was filtered through a 0.2 /fm pore size filler. Carboxymethyl 35 
reduced dextran (prepared in Example 7) was added, the 
mixture was shaken, and was cooled to 10° C. No precipitate 
was observed. 

Example 39 

Mixing of Carboxymelhyl Reduced Dexlran T10 
Having 1,404 Micromoles Cnrboxyl per Gram with 
Ecrric Chloride Solution 

Ferric chloride (0,3 g) was dissolved in 15 ml water and 
was filtered through a 0.2//m pore size filter. Carboxymelhyl 
reduced dextran (prepared in Example 8) was added, the 
mixture wasshaken, and was cooled to 10° G No precipitate 
was observed. 



Example ii micromoles COOH/g dexlran prwipilato 



37 
38 
31 
39 
40 
41 



1,108 
1,262 
1,265 
1,404 
1,52H 
1,887 



no 
no 
no 
no 

yea, qL 5" C. 
yes, al 25' 



C. 



At greater than 1,404 micromoles carboxyl per gram 
dextran, addition of ferric chloride under the conditions and 
concentrations of the USPIO synthesis to the CMRD solu- 
tion produced an orange white precipitate. Even at higher 
temperatures, where many compounds can be soluble, the 
precipitates persisted. The data in Tabic 7 shows that there 
is an upper level in modification of CMRD that can be used 
in the preferred method of CMRD-USPIO synthesis. 



40 



45 



50 



Example 40 

Mixing of Carboxymethyl Reduced "Dexlran T10 
Having 1,528 Micromoles Carboxyl per Gram with 
Ferric Chloride Solulion 

Ferric chloride (0.3 g) was dissolved in 15 ml walcr and 55 
was filtered through a 0,2 /rm pore size filler. Carboxymelhyl 
reduced, dextran (prepared in Example 9) was added, the 
mixture was shaken, and was cooled to 5° C. An orange 
white precipitate was observed, 

Exomplo 41 

Mixing of Carboxymethyl Reduced Dexlran T10 
Having 1,887 Micromoles Carboxyl per Gram with 

Ferric Chloride w 

Ferric chloride hexahydrate (30,3 g) and ferrous chloride 
(14.8 g) were dissolved in 402.9 ml water and filtered 



Example 42 

Synthesis of Iron Oxide Sols and Their 
Stabilization with Native and Reduced Dextrans 
and CMRD: Preparation of a Magnetic Sol 

To prepare a magnetic sol, 60 g of 28% of ammonium 
hydroxide at 25° C, was added to a solution having 30,0 g 
ferric chloride hexahydrate and 15.1 g ferrous chloride 
tetrahydrate in 321 g of water. After 5 minutes of mixing, 
sufficient concentrated HCl was added to obtain a pH of 1,6. 
The sol was ultrafiltercd with a 100 kDa MWCO membrane 
filler to achieve a pH of 3.25, using water as diluent. The 
magnetic sol was passed through a filter of poro size 0.2 //m, 
then concentrated to 50 mg Fe/g, and stored at 5° C. The 
yield of iron was 55%, and ihe product was observed to have 
an MVD of 16 nm. 

Example 43 

Synlbesis of Iron Oxide Sols aud Their 
Stabilization with Native and Reduced Dextrans 
and CMRD: Preparation of a Non-magnetic Sol 

Tb a solution of 2.9 g of ferric chloride hexahydrate in 30 
mi of water was added 10 ml of 10 M NaOH. The mixture 
was stirred for 5 vain, diluted to 200 ml with water, and the 
product was collected by filtration, The residue was again 
mixed with water and filtered. The residue was added to 40 
ml water and the pH was adjusted lo 2.0. The producl was 
observed to have an MVD of 10 nm. 
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30 



10 



15 



20 



Synthesis of Iron Oxide Sols, and Their 
Stabilization with Native and Reduced Dexlrans 
and CMRD: Coating of a Magnetic Sol with 
Reduced Dextran T10 

Reduced dextran T10 (60 mg; Example 3) was dissolved 
in 1.74 ml water and combined with 0,24 ml of magnetic sol 
(13 'mg Fe) prepared according to Example 42, The mixture 
was incubated for 15 min, and the pH was adjusted to 7.4 
with sodium hydroxide. The particle size (MVD) was deter- 
mined to be 85 nm. 

Example 45 

Synthesis of Iron Oxide Sols and Their 
Stabilization with Native and Reduced Dexlrans 
and CMRD: Coating of a Magnetic Sol with Native 

Dextran T10 

Native dextnm T10 (60.8 mg) was dissolved in 1.74 ml 
water, nod combined with 0,24 ml of magnetic sol (13 rag 
Fe) prepared according to Example 42. The mixture was 
incubated for 15 rnio and the pH was adjusted to 7.4 with 
sodium hydroxide. The particle size (MVD) was determined 
to be 1,973 nm. 

Example 46 

Synthesis of Iron Oxide Sols and Their 
Stabilization with Native and Reduced Dexlrans 
and CMRD: Coaling of a Magnetic Sol with 
CMRD Tit) 

75 mg of CMRD T10 (Example 5) dissolved in 1,34 ml 
water was added to 0.66 ml of magnetic sol (33 mg Fe) 35 
prepared according to Example 42. The mixture was incu- 
bated for 15 min at 37° C, and the pH was adjusted to 7.95 
(plus or minus 0.4) with sodium hydroxide. The mixture was 
concentrated using a 300 kDa ultrafiltration filter. The prod- 
ucl was observed to have an MVD of 41 nm, 



25 



forms. Only reduced dextran and CMRD yielded a magnetic 
sol as a slabte colloid. 

Example 49 

Preparation of CMRD Coated Non-magnetic Iron 
Oxide Colloid Using Base Co -precipitation of 
Ferric Chloride and CMRD 

Carboxymethyl reduced dextran T10 (19.2 g) (Example 
5) was dissolved in 300 g water, was filtered through a 02 
/mi filler, and an additional 160.8 g of water was added. 'Ihis 
solution was added to 120 ml of 0,2 /mi filtered aqueous 03 
M ferric chloride hexahydrate. lb this mixture was added 32 
ml of aqueous 6N sodium hydroxide. The mixture was 
heated to 100° C. for 3 hours, cooled to room temperature, 
and ultrafiltered to a final volume of 50 ml, The product was 
observed to have an MVD of 30 nm. A portion of this 
material was placed in a bottle under nitrogen for 30 min at 
121° C, 'Hie autoclaved product had an MVD of 69 nm. 

Example 50 

Effect of Autoclaving on Reduced and Native 
Dextran Colloids: Stability to Autoclaving of 
USPlOs Coated with Native Dextrao and Reduced 
Dextran and CMRD 
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Example 47 



Synthesis of Iron Oxide Sols and Their 
Stabilization with Native and Reduced Dexlrans 
and CMRD: Adjusting the pli of the Magnetic Sol 45 

to 7.4 

A magnetic sol as prepared in Examplo ) 42 was adjusted 
to a pH of 7,4, A precipitate was observed. 



Example 48 

Synthesis of Iron Oxide Sola and Their 
Stabilization with Native and Reduced Dextrans 
and CMRD: Coating of a Non-magnetic Sol with 

CMRD T10 



50 



55 



A non-magnetic sol prepared according Jo Example 43 
(35 ml) was added dropwise to 35 ml of a 50 mg/g aqueous 
solution of CMRD 110 prepared according to Example 5, 
The pH was adjusted to 7.0 with IN NaOH, the solution was go 
heated to boiling, cooled to room temperature, and was 
cenirifuged at 6,000 rpm for 20 min. The supernatant was 
passed through a filler having a 0,2 /ma pore size, and 
autoclavcd at 121* C. for 30 min. The product was observed 
to have a MVD of 86 nm. 65 

Examples 42-48 show that in the absence of a dextran, or 
io the presence of a native dextran, a gross iron precipitate 



Colloid preparations, each at a concentration of 20 mg 
Fc/g, were autoclaved for 30 min at 121° C. Following 
nutoclnving, measurements were made of bound dextran 
which was calculated as the difference between total and free 
dextran, using a phenol/sulfuric acid assay. Free dextran was 
separated from Ibe colloid by ultrafiltration. Table 8 shows 
that colloid preparations having USPlOs coaled with a 
reduced dextran have greater stability than USPlOs coated 
with a native dextran. The reduced dextran coaled USPIO 
maintained its small size following autoclaving, as the MVD 
of the post auloclivved material was increased only 1,3-fold 
compared to the MVD of the pre autoclaved material. In 
contrast, USPIO coaled with native dextran increased in size 
28-fold following autoclaving. The data show that following 
autoclaving, reduced dextran remains more tightly bound to 
the iron particle compared to native dextran. 

A second type of increased stability achieved herein by 
use of reduced dextraa to coat USPIO is the properly of pH 
of the bulk solvent. The pH of USPIO coaled with reduced 
dextran dropped 0.9 pK units following auloclaving, com- 
pared to a drop of 1,6 pH units for USPIO coated with native 
dextran, 

Bveu greater stability to thB autoclaving process was 
observed for particles coaled with carboxymethyl reduced 
dextran compared to eitrboxymethyl native dexlnm. The 
data in Table 9 indicate that USPIO coated with carboxym- 
ethyl non-reduced native dextran showed a 10-50 fold 
increase in amount of particulate matter following autoclav- 
ing. In contrast, USPIO coated with carboxymethyl reduced 
dextran experienced no change in size or quantity of par- 
ticulate matter upon auloclaving. Another indication of the 
stabilizing effect of the carboxymethyl reduced polysaccha- 
rides coating confer on the colloid suspension and bullc 
solvent was the stability of the solvent pH. The data in both 
Tables 8 and 9 show that the particles coaled with reduced 
dextran bad significantly improved pH stability upon 
autoclaving, compared to those coated with native dextran. 



i 
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TABLE 8 



Tiffed of nntocUvlng on pH, tizo, and bniind polysaccharide 
of colloids oofltcd with nmivo and reduced dcxtron. 



pro pmocbved 



post fwtoclnvcd* 



Example 



dextran 
conUng 



pH 



bound 
dextran 



MVD 

nm 



pH 



bound 
dextran 



MVD 
nm 



29 
23 



native TM 
reduced T10 



7.0 
7.4 



0,79 
1.2G 



21 
18 



53 
6.7 



056 
QS6 



587 
23 



"Samples wore prepared al a concentration oF 20 mg iron per ml i\nd fmto- 
ckved for 30 minutes Dl 321° C. 



32 



TABLE 10 



Reloxivlly 



MW 



10 



Material 


Cbtitlng 


Susceptibility 


CkDa) 


XI 


U2 


R2/R1 


Example 31 


reduced 


38,200 


10 


353 


64.8 


1.8 




carboxy- 














melhyl 














dexlien 












Combidex ® 


Dextntn- 


28,000 


9.6 


21.7 


60.3 


2.B 


Gd-0ITA 


T10 


372 




4.5 


5.7 


1.3 



TABLE 9 



Effect of Mitoclnvlng on pH, sizo, nnd particulates of colloids coated with 
cQjboxvroeOwlnted redaccd tind cnrbogvmothvlnted native non-reduced doxlrpn. 



particulates' 



Example 
nulochived 



dcxtiHD 
coating 



MVD 



>10 microna 
numbsi/ml 



>25 microns 
number/ml 



pre 



post pre post pro posl pre post 



30 
31 



CMD b 
CMKD" 



19 
25 



18 

18 



7.5 

a.o 



6.8 
7.9 



35 
4 



433 
7 



5 
3 



241) 
$ 



'PnitiunlBlca were determined by USP nnnlyals. 
''CMD, carboxy methyl dexlmn (native) 

'CMRD, cajboxymethyl reduced dextrnn . 
''Snmplcs were prepared at a concent radon or 20 rug iron per ml nnd nutoclnvcd tor 30 min- 
utes nl 121* C. 



Example 51 35 

Procedures for Determining Relaxation Properties 
of Various Contrast Agents 

Nuclear magnetic (NM) measurements (0.47T) were 40 
obtained in a Bruker Instruments pel 20 lublc-top NM 
sample analyzer operating at 20 MHZ (Proton). Half a 
milliliter of each sample was placed in the 10 mm NM lubes 
for relativity measurements on the minispec. The placement 
of the sample ia the sample chamber' was optimized, The 45 
standards were run and their values recorded in the log. 

St tut da rd procedures were used fur Tl and T2 
determinations, and their values were recorded. Tl was 
measured using un inversion recovery technique. According $Q 
to the lit technique, tho sample is exposed to a 180° pulse 
and then a 90° pulse to put the magnetization in the plane of 
detection, After sampling] the time between the 180 and 
90 : dcgrce pulses is changed, and sampled again. This is 
done for several durations. The resulting signals are gov- J5 
erned by the equation [M m -M(t)]/M„-(l-cos 0) oxp(-t/ 
Tl), When a 3 parameter fit to data is performed, M w , 0, and 
Tl are calculated. 

Tl was measured using the CPMO technique, where a 
linear train of 180° pulses of variable length is provided to 60 
the s ample. The amplitude of every second echo is mea- 
sured. A fit is performed on the accumulated data using a two 
parameter (M 0 and T2) fit. Where M(t>=M 0 6xp(-t/r2), a 
plot of ln(M(l)) versus I is linear with a slope of -1/T2. The 
inverse of theTl and T2 was graphed with respect to the iron 65 
concentration of the sample From the slope of best fit line 
the rolaxivity was determined. 



Example 52 

Toxicity Studies in Ruts. Toxicity of Reduced 
Dextran, Non-reduced Dextran, and CMRD Coaled 
Colloids Administered in Vast Excess to Rats 

An anaphylactic shock type of reaction to dextran can be 
exhibited by rots and by a small but significant fraction of 
the human population (Squire, J. R. el al., "Dextran, Its 
Properties and Use in Medicine," Charles C. Thomas, 
Springfield, 111., 1955). The reaction resembles anaphylactic 
shock but does not require prior soasitizalion, and is char- 
acterized in rats by the rapid development of prostration, 
diffuse peripheral vasodilation, and ederan of paws, snout 
and tongue (Voorhees, A. B.'el al., Five, Sop, Exp, BioL 
Med. 1951, 76:254), When accompanied by barbiturate 
anesthesia, it produces marked hypotension and cyanosis 
(Hanna, C. R et nl t Am. /, Physiol 1957, 191:615). 

A procedure to measure the extent of rat paw edema 
response was employed to determine if the presence of 
reduced dcxlrans or their derivatives, rather than non- 
reduced native dextrans, In the coaling of tho iron oxide 
colloids could decrease or eliminate potential human 
adverse reactions upon intravenous injection. Rat paw 
edema was measured as the volume of the paw prior to and 
subsequent to injection of lest material, using a 
plethysmomcter, which is a differential volume measuring 
device. The dose of test material was injected, and n second 
reading was taken after a designated interval, and the per 
cent change in paw volume was calculated. The dose admin- 
istered in these studies was 100 mg Fe/kg body weight, a 
dose much greater than thai used as an imaging agenl in rals, 
pigs, and humans (see Examples 53-56). 

The results observed following administration of iron 
oxides coated with each of reduced and non-reduced T10 
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dextrous axe shown in Tfcble 11. A marked decrease ^ in (he 
edematous anaphylactic response was observed in those rats 
which wore administered a USPIO preparation having the 
reduced dextran or reduced dextran derivatives as a coating, 
compared to those rats administered a USPIO preparation 
having a native non-reduced dextran coating, 

TABLE 11 



decrease in edema could not be attributed merely to reduc- 
tion of the dextran, 

TABLE 13 



Effect of notivo and reduced polysaccharide 
canted particles on rat edema. „ 



10 



Example coaling and partiale 



% edomn' 



29 native dexlron coated USPIO 
23 reduced dextrin conted USPIO 

30 emboxymethyl native doxtrnn coated USPIO 
43 unrboxymethyl reduced doxtian non-magnolia 

colloid 

31 carboxymelhyl reduced dextran conlod USPIO 



>50 
33 
3P 
12 



IS 



Effort of native und reduced 10 JcDn 
polysaccharides on rot edema showing 
mora reduction (ids no siamficftnt effect 




Example 


test 
dextran 


% 
ciloma 


Doxtrnn T-30 
(commercial') 
3 


native T10 
reduced T10 


63 
67 


•Obtained from Fharmacin-Upjohn (Piecnlqway, NJ) 



20 

The effect of the CMRD-USPIO preparations having 
Increasing levels of carboxymelhyl substitution on the extent 
of anaphylactic response, measured as percent edema, is 
shown in Table 12. The data show that a threshold level of 2 s 
substitution was necessary to reduce the edematous 
response, and thai once this threshold of substitution was 
achieved, the decrease in response of the rats to dextran was 
a surprising elimibatipn of the edematous response, That is, 
no edema was observed at 1,265 micromolcs of carboxyl per 3lJ 
gram. 



Table 14 shows the effect of increased levels of car- 
boxymothyl substitution of reduced dextran on the extent of 
anaphylactoid response, measured as percent edema. The 
data show that above a threshold level of carboxymelhyl 
substitution, edema was decreased or eliminated. For dex- 
trans above this threshold level of substitution, the decrease 
in the toxic response of the rats to dextran was a surprising 
elimination of response, that is, no edema was observed. 

TABLE 14 



Relationship between rat paw edema And degree 
of cnrbQKvmethvlaUon d£ doxtrnn TIP preparations, 



Example lest substance 



micromol COOH/ 
g per dextran 



% 
cdouiB 



TABLE 12 



Extent of rot paw cdomn os n function of nmoimt 
of cnrboxvmcthvliitlon of dextrnn conling of USPIQs, 



35 



tnicromol COOH 



10 


caiboxymetbyl reduced 


110 


65 


12 


caiboxymcthyl reduced 


280 


60 


13 


carboxymelhyl reduced 


150 


56 


5 


caiboxymelhyl reduced 


1,265 


6 


15 


carboxymelhyl reduced 


1,867 


1 


16 


' caiboxymolhyl nutivc 


1,220 


0 



Example 


per g doxlran 


edema 


• 32 


110 


24 


33 


130 


51 


34 


260 


81 


35 


450 


37 


36 


580 


105 


31 


1,265 


0 



AS 



Example 53 



Toxicity Studies in Rats of Reduced and Non- 
reduced Dextrans 
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The procedure used in Example 5.2 was used lo determine 
if the coating alone, that is, reduced dextrans or their 
derivatives rather than non-reduced native dextrans, could 
eliminate potential human adverse reactions upon intrave- 
nous injection. Rat paw edema was measured as the volume 
of the paw prior and subsequent to injection, as in Example 
52, The dose administered in these studies was, as above, 
100 mg test substance/kg body weight, r 

The results observed following administration of reduced 
and non-reduced '110 dextrans were similar for each mate- 
rial (Table 13). Reduced dextran T10 elicited the same 
extent of edema as native dextran T10. Elimination or 



Example 54 

Pharmacokinetics of CMRD Coated USPIO in the 
Rat: Blood Clearance 

Three male CD® rats (Charles River Laboratories, 
Wilmington, Mass.; weight range 272 lo 290 g) were anaes- 
thetized mtrupcritoncally with a long lasting anesthetic, 
Inactin (100 mg per kg body weight), The femoral artery and 
vein were exposed by a small incision at the hip-femur joint, 
and the artery was cannulated with PESO tubing connected 
to a 1 ml syringe tilled with hepariniswd saline (10 units per 
ml). To serve as a baseline, 0.25 ml of arterial blood was 
collected at time zero, and CMRD coaled USPIO (Example 
31) was injected into the femoral artery. Blood samples of 
0.25 ml were collected at the limes indicated in FIGS. 4 and 
5. 

T2 magnetic relaxation limes were measured in each 
sample, and the relaxivity (1/T2) was caicidnted. First-order 
reaction kinetics were used to determine the half-life of the 
go sample in the blood (t 1/2 ). The equation used to fit tho data 
was; 

65 where 1/T 2 is the relaxivity of the blood at time t post- 
injection; l/T WifM is ihe baseline Telaxivity, and Ae~* f 
represents the first-order decay of the test material from the 
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blood, Taking (he natural log of each side of this equation 
yields: 

According to this second equation, a graph of In (1/T2-. 
1Wbus*Und versus time, t, should give a straight line with 
slopo -k (the first order rate constant) and intercept JuAq 
(which equals In (l/H-l/T^,,.,,, ftl lime zcio) if the rate of 
removal of the USPIO from blood follows ficst order kinct- 



USP1Q was demonstrated. Further, application of a multiple 
injection protocol within a reasonably short period of time 
after tho first administration, the entire protocol being 
accomplished in a time period equivalent !o a visit by a 
human subject to an imaging facility, was also demonstrated. 

The principal advantages of capability of multiple bolus 
injections within a single examination are the opportunities 
to correct a deficiency in imaging that might arise after an 
injection, and to image multiple parts of the body during a 
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tho body of a subject con be imaged within a short period of 
lime after sennning and analysis of earlier images from an 
earlier pass, and subsequent injections of contrast agent can 
be used to obtain different views, or to extend the view in 
ouo or more physical dimensions. For example, detailed 
Analysis of the location and size of a blood clot in a limb 
such as a leg, can be performed using a scries of views taken 
in the each of a first, second, and subsequent passes, 

• The capability for achieving additional multiple passcsof 
administration of a composition of the invention and obtain- 
ing additional rounds of MRI data, beyond a first dose, 
present strong advantages of the compositions that are 
embodiments of the present invention. Mill analyses have In 
the past been limited by the physical length of the anatomi- 
cal feature in need of imaging, and by the numbers of 
structures thai can be imuged using a single detection 
instalment unit in a given lime period. 

The results obtained in pigs were observed also in human 
subjects (Examples 57 and 58). 

Example 57 

Intravenous Injection of CMRD Coated USPIO into 
Normal Human Subjects 

' The trial design employed thirty-five human subjects each 
administered one dose of CMRD HO coaled USPIO pre- 
pared according to Example 31(i.v.; 1-4 mg of iron/kg body 
weight), Tho objectives of Examples 57 and 58 were to 
examine subjects for any potential side effect of Ibe 
treatment, to obtain data on the composition as an MRI 
contrast agenl, and to determine the half-life of Ihe compo- 
sition in blood. 

ix^Lx* i,iwv« « — - Ko adverse reactions attributable to administration of the 

vascular space into the interstitial space and create a hazy <i5 composition were observed among the treated subjects at 
background. This hazy background interferes with effective any dose, including tho highest doses (4 mg/kg). For 
use of second or third injections of a contrast agent admin- comparison, in clinical trials of Feridex l.V,®, approxi- 
islcrcd during a single examination. Such extraocular mately 2-3% of treated patients reported back pain, even 
leakage might not be expected with carboxymethyl reduced though Feridex l.V.® and other comparable imaging prod- 
dcxlran-coaled USPIOs due to the relatively large size of the 50 ucts are administered in much smaller doses (e.g., 0.56 mg 
particle, compared to the size of the particles of a gado- of iron/kg body weight) in order to minimize adverse events 
linium contrast agent. find obtain useful contrast. These data indicate that an 

This expectation was confirmed by imaging of rats effective dose of the CMRD coated USPIO particles of the 
(Example 55) and in the data obtained by imaging of the pig invention is safer than an effective dose of a previously 
(FIG. 7B), No background haze was observed following use 55 approved imaging agent, Pcndex l.V.® 
of the CMRD USPIO compositions of the present invontion. 
This observation enabled performance of additional vascular 
imaging tests, after sequential administration of additional 
doses. Upon intravenous administration, the CMRD coaled 
USPIO, whiph is an embodiment of the invention, moved as CO 
a bolus rapidly into the arteries, organs, and veins,- and 
achieved a uniform distribution io the blood aflcr 20 min- 
utes. Upon administration of a second bolus of the agent, 

additional good images were obtained. A third injection and . 

a fourth injection were administered with similar results i.e., 65 a further IS seconds, Mill exposures yielded bright images 
good images were obtained. Thus, the process of bolus of organs and veins, Equilibration of the agent throughout 
injection and first pass application of the CMRD coaled the vascular system was achieved within 20 minutes. 



half-life (t ltt ), which is the time that the amount of CMRD 
coated USPIO decreased to one half its amount of concen- 
tration in the blood, was determined to be 67 mio, with a 
range of 61 to 75 min at a confidence level of 95%. 

Example 55 

Magnetic Resonance Imaging Using CMRD Coated 
USPIO in the Rat 

An MRI scan of n rat taken shortly after administration of 
5 mg of CMRD coated USPIO (Example SI) per leg body 
weight is shown in FIG, 6*li. Tho heart, aorta, and coronary 
artery were found to be readily imaged using this agent. An 
image of the rat taken pre-adrainistration of the agent (FIG. 
6"A) is included to illustrate the substantial increase in 
contrast eifected by administration of the lest substance, 

Example 56 

MRI of CMRD Coated USPIO in the Pig 

FIG. 7 illustrates enhanced MRI visualization of the heart 
and surrounding arteries, as well as the lungs und kidneys nf 
the pig. Four doses of 0.4, 0.8, 1.6, ami 2.2 rag of iron/kg 
body weight of sample (Example 31) wore each adminis- 
tered to the pig in sequential order. Each dose was followed 
by administration of 20 ml of physiological saline, and an 
MRI image was obtained after each dose. The image shown 
in FIG, 7B is representative of images obtained after each 
administration. Aprciraago of the pig (FIG, 7A) is included 
to illustrate the substantial increase in contrast effected by 
the agent. 

A problem associated with low molecular weight gado- 
linium based contrast agents is that they leak from the 
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Example 58 

Rapid Imaging Kinetics and Bio-distribution in 
Human Subjects 

An initial intravenous bolus injection into human subjects 
of CMRD coated USPIO, prepared as in Example 31 yielded 
ti bright MRI of the arterial portion of the circulatory system 
within 12 seconds post-administration (FIG. 8B). Following 
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The organs capable of being imaged in the early phase 
following administration of the CMRD coated USPtO of the 
present invention included the heart, arteries and veins. 
Further, in addition to the larger elements of the circulatory 
system, the arterioles and venules of the extremities (fingers, 
toes) could be observed, llus level of resolution allows 
applications to diagnosis of problems in circulation within 
the extremities, including the detection and localization of 
an area of phlebitis. Other organs that were readily imaged 
include the brain, kidneys, liver, spleen, and bone marrow, 
Lymph nodes could be imaged up to several hours after 
administration of an effective dose. The hallMife of the agent 
in the blood was approximately observed to be 10-14 hours 
(see Table 15 and FIG. 9). 

The particles ultimately wore removed from circulation 
by being taken up by the reticuloendothelial system. During 
the presence of the composition at the early phase in the 
vascular system, and also in the late or post vascular phase 
in (he reticuloendothelial system (RES), this composition 
was not observed to enter into interstitial spaces between 
cells. Tims, a hazy background, found lo appear with usage 
of other compositions, for example, gadolinium based MR 
contract agents exich as Magnevist® and DOTOKBMCP, is 
avoided during use of the CMRD-USPIO compositions, as 
synthesized by the methods of the Examples herein. 

TABLE 15 
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What is claimed is: 

1. A method of providing an iron oxide complex for 
administration to a mammalian subject, the method consist- 
ing of: 

producing a carboxyalkylated reduced polysaccharide 

iron oxide complex; and 
sterilizing the complex by autoclaving. 

2. A method according to claim 1, wherein the reduced 
polysaccharide is a reduced polymer of glucose. 

3. A method according to claim 2, wherein the reduced 
polymer of glucose is a reduced dextran, 

4. A method according to claim 1, wherein the reduced 
polysaccharide is produced by reacting a polysaccharide 
with a reagent selected from the group consisting of; a 
borohydride salt, and hydrogen in the presence of an hydro- 
genation catalyst. 

5. A method according to claim 1, wherein producing the 
complex includes carboxyalkylating a reduced polysaccha- 
ride by carboxymethylation. 

6. A method according to claim 5, wherein the reduced 
polysaccharide is a reduced dextrun. 

7. A method according to claim G, wherein the adminis- 
tration to a mammalian subject is administration to a human. 

8. A method according to claim 1, wherein the 
carboxyalkylated, reduced polysaccharide isolated as a 
sodium salt does not contain an infrared absorption peak in 
the region of about 1650 cm" 1 to about 1800 cm" 1 . 

9. A method according lo claim 1, wherein producing Ihe 
carhnxy alkylated reduced polysaccharide is achieved at ft 
temperature of less than about 50° C. 

10. A method according to claim 11, wherein producing 
the carboxyalkylated reduced polysaccharide is achieved at 
a temperature of less than about 40* C. 
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11. A method according to claim 1, wherein the iron oxide 
is superparamagnetic. 

12. A reduced polysaccharide iron oxide complex pro- 
duced according lo the method of claim 1, wherein the 
produced complex is stable at a temperature of at least 100° 

C 

13. Arcduced carboxyalkylated polysaccharide iron oxide 
complex- wherein the produced complex is stable at a 
temperature of about 121* C. 

14. A reduced polysaccharide iron oxide complex accord- 
ing to claim 13, wherein the produced complex is stable at 
a temperature of at least about 121* C, for a period of lime 
effective to sterilize Ihe complex. 

15. A reduced polysaccharide iron oxide complex accord- 
ing to claim 14, wherein the carboxyalkylated reduced 
polysaccharide is selected from the group consisting of a 
carboxymelhyl, carboxyethyl and carboxypropyl reduced 
polysaccharide. 

16. Aieduced polysaccharide iron oxide complex accord- 
ing to claim 15, wherein the reduced polysaccharide is a 
reduced dextran. 

17. A reduced polysaccharide iron complex according to 
claim 15, wherein the carboxyalkylated reduced dextran is a 
carboxytu ethyl reduced dextran. 

18. A reduced polysaccharide imn oxide complex accord- 
ing to claim 16, wherein loo carboxyalkylated reduced 
doxtran comprises alleasl about 750 rnlcromole of carboxyl 
groups per gram 1 of polysaccharide. 

19. A reduced polysaccharide iron oxide complex accord- 
ing to claim 18, wherein the carboxyalkylated reduced 
dextran comprises at least about 900 micromole^of carboxyl 
groups pur gram of polysaccharide. 

20. A reduced polysaccharide iron oxide complex accord- 
ing to claim 19, wherein the carboxyalkylated reduced 
dextran comprises at least about 1100 micromole of car- 
boxyl groups per gram of polysaccharide. 

21. A reduced polysaccharide iron oxide complex accord- 
ing to claim 20, wherein the carboxyalkylated reduced 
dextran comprises less than about 1500 rrricroroole of car- 
boxyl groups per grara of polysaccharide wherein said 
complex does not form substantial particulates. 

22. A method of providing a contrast agent for in vivo 
MRI of a subject according to claim 1, consisting of the steps 
of: 

formulating a composition which is a carboxymethylatcd 
reduced ullrasmall superparamagnetic iron oxide com- 
plex; and 

terminally sterilizing the composition by autoclaving^ 
23; A method of providing a hemalinic agent for treating 
a subject deficient in iron, consisting of the steps of: 
formulating a composition which is a carboxymelhylated 

reduced ultrasmall iron oxide complex; and 
terminally sterilizing the composition by autoclaving. 

24. A method according to claim 22 or 23, having the 
further step of providing the auioclavcd composition in a 
unit dosage. 

25. A reduced carboxyalkylated polysaccharide iron oxide 
complex which is stable at a temperature of about 121 p C„ 
wherein a sodium salt of the complex does not contain an 
infrared absorption peak in the region of about 1650 cm"* 1 lo 

about 1800 cm" 1 . 

26. A reduced carboxyalkylated polysaccharide iron oxide 
complex according to claim 25, wherein the polysaccharide 
is carboxymelhylated. 
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12/7/2007 



Submission 
(meeting request) 



0107 



Request for Type C Meeting to discuss the clinical 
development plan in women with Abnormal Uterine 
Bleeding (AUB) 



10/18/2007 



Submission (annual 
report) 



0106 



2007 Annual Report 



9/14/2007 



9/14/2007 



Submission (follow- 
up safety report) 

Submission 
(follow-up safety 
report) 



0105 



0104 



9/14/2007 



9/14/2007 



Submission (follow- 
up safety report) 

Submission (follow- 
up safety report) 



0103 



0102 



9/14/2007 



Submission (follow- 
up safety report) 



0101 



Final MedWatch Form for Mfr. No. AMI000217 



Final MedWatch Form for Mfr. No. AMI000226 



Final MedWatch Form for Mfr. No. AMI000228 



Final MedWatch Form for Mfr. No. AMI000225 



Final MedWatch Form for Mfr. No. AMI000229 



8/1/2007 



Correspondence 
(meeting minutes) 



Minutes from FDA from Pre-NDA meeting held on July 
20, 2007 



7/31/2007 



Submission 
(Company name 
| change notification) 



0100 



Letter informing FDA of company name change to 
AMAG Pharmaceuticals, Inc. 
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»Submissionl5r|» 






7/18/2007 


Correspondence 




FDA pre-meeting response to questions submitted for 
thp lulv 70 7007 Pre-NDA meetine 


6/21/2007 


Submission 
(meeting 

information 
package) 


0099 


Pre-NDA Meeting Briefing Package 


6/5/2007 


Submission (follow- 
up safety report) 




rinai IVIcUvvatCn rUnil IUI IVI 1 1 . IMU. Mi VI lUuutJ x. 


5/25/2007 


Submission (other) 


ooy/ 


1 1 k-> /-J ->4-/-»<-4 1 n woe-tin -a -t-rn*' c Rrnrhi iro rIatoH 79 7DD7 

Upuatea investigator s Drocnurt:, udieu ividy z.^., ^uu/ 


5/17/2007 


Correspondence 
(meeting 
notification) 




Pre-NDA Meeting scheduled for July 20, 2007 


5/15/2007 


Submission 
(meeting request) 


0096 


Pre-NDA Meeting Request 


5/15/2007 


Submission (CMC 
amendment) 


0095 


Information on terumoxytoi commercial connguration 
packaging 


5/11/2007 


Submission 
(response to 
Information 

ran t i oct l 

requebij 


0094 


Additional details for a previously submitted safety 
report 


5/3/2007 


Submission (initial 
safety report) 


0093 


15-day Safety Report for Mfr# AMI000231 


5/1/2007 


Submission 
(response to 
Information 
request) 


0092 


Submission regarding Phase Ml study results per 
agency's request 

* 


4/20/2007 


Submission (initial 
safety report) 


0091 


15-day Safety Report for Mfr# AMI000228 


4/18/2007 


Submission (initial 
safety report) 


0090 


15-day Safety Report for Mfr# AMI000229 


3/26/2007 


Submission (initial 
saiety report^ 


0088 


15-day Safety Report for Mfr# AMI000226 


3/26/2007 


Submission (initial 
safety report) 


0087 


15-day Safety Report for Mfr# AMI000225 


3/21/2007 


Correspondence 

(Information 
request from FDA) 




FDA request for additional information for previously 
submitted safety report and on results of ferumoxytol 
clinical studies 


3/8/2007 


Submission (follow- 
up safety report) 


0086 


Follow up to Mfr# AMI000217. 









IBBMBBBflBBBBBBBBBBMMBBB^EKitiaBfc *^v, 3> V ij MJ> 1 WA *J1HBBBBBHmBBBBBBBBBBBMBBmMBBBB 


2/23/2007 


Submission (initial 
safety report) 


0085 


15-day Safety Report for Mfr# AMI000221 


1/29/2007 


Submission (initial 
safety report) 


0083 


15-day Safety Report for Mfr# AMI000217 


1/Zb/ZUU/ 


Submission 
(response to 
information 
request) 


UUol 


Arlrlitinnal information fnr a nrp\/mii<il\/ ^ubmittpd 

safety report 


1/19/2007 


Correspondence 
(information 
request) 




Additional information on previously submitted safety 
report requested 


1/16/2007 


Correspondence 
(information 
request) 


■ 


FDA requested additional information regarding the 
safety data listed in the annual report 


1/12/2007 


Correspondence 
(information 
request) 




FDA requested additional information for a previously 
submitted safety report 


12/21/2006 


Submission 


0079 


Annual Report Safety Data - update 


JLZ/ o/ZUUo 


__ i , t //"II 

Submission (follow- 
up safety report) 


UU / O 


Rp_Ha<;<;ifiratinn of nreviouslv submitted SAE — Mfr# 
AMI000073 and AMI000072 


11/28/2006 


Submission (follow- 
up safety report) 


.0077 


Re-classification of previously submitted SEA - Mfr# 

AMIUUUUoU 


11/21/2006 


Submission 
(pharm/tox 
amendment) 


0076 


Nonclinical study report 


11/15/2006 


Submission (CMC 
amendment) 


0074 


Stability Data for ferumoxytol from 1998 through June 
2006 


10/27/2006 


(tel) 




FDA confirmed that the proposed Phase III clinical plan 
seems OK as long as there are no unexpected safety 
signals identified in clinical trials 


10/13/2006 


Submission 
(pharm/tox 
amendment) 


0072 


Nonclinical study reports 


9/29/2006 


Submission 


0071 


Final Clinical Study Reports for Study 62,745-3 and 
Studv 62,745-4 


9/20/2006 


Submission (annual 
report) 


0069 


Annual Report - 2006 


8/24/2006 


Submission (follow- 
up safety report) 


0068 


7 Day IND Safety Report. Mfr. No. AMIO00175 


8/21/2006 


Submission (initial 
safety report) 




Fax to FDA; 7 Day IND Safety Report: Hypotension in 
Subject #533 in Study 62,745-5 
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iMtSubmissianlargg- 

IIIhHI 






8/21/2006 


Correspondence 
(safety event) 




Notification of a Serious Adverse Event 


7/31/2006 


Submission (initial 
safety report) 


0065 


Safety Report 


7/31/2006 


Submission 
f nrotocol 

amendment) 


0066 


62,745-9 protocol amendment #2 


6/28/2006 


Submission 

( nrntoml 

1 Ul U LULU 1 

amendment) 


0064 


Phase III amended protocols and statistical analysis 
olans 


6/6/2006 


Correspondence 




FDA comments on protocol 62745-9 


5/30/2006 


Submission 
(protocol 
amenamemj 


0062 


Amendment to Protocol 62,745-9 


5/3/2006 


Submission 


0060 


Information on non-expedited SAEs 


5/3/2006 


Correspondence 




Information on non-expedited SAE 


4/20/2006 


Submission 
(pharm/tox 
amendment) 


0058 


Nonclinical study report 


4/18/2006 


Submission (new 
protocol) 


0059 


Submission of Protocol 62,745-9 


3/2/2006 


Correspondence 




Minutes from FDA from Jan. 17, 2006 meeting 


1/9/2006 


Correspondence 




Supplemental questions for feedback at the scheduled 
Jan 17 2006 meeting 


12/29/2005 


Submission 


0055 


Pre-meeting package to support Jan. 17, 2006 meeting 


1 /700S 

J. <!./ £- -L/ «.UUJ 


Corresnnndence 




FDA feedback on efficacy endpoints in Phase III studies 
and protocol amendments 


JLX/Zl/ZUUD 


TnrrocnnnHpnrP 




T-Con with FDA of Phase III CKD Studies 


11/17/2005 


Submission 
f nrotocol 
amendment) 


0053 


Phase III Protocols amendments 


11/17/2005 


Correspondence 




Confirmation from FDA of Jan. 17, 2006 meeting 


11/15/2005 


Submission 
(protocol 
amendment) 


0052 


Phase III Protocols amendments 


11/3/2005 


Submission 
(meeting request) 


0051 


Type A Meeting Request 
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§■1 




^^^^ 




10/17/2005 


Correspondence 




FDA declined the meeting request but agreed to 
provide written feedback to protocol amendments 


10/12/2005 


"Submission (CMC 
amendment) 


0050 


Additional copies of briefing package for Type C 
meeting to be held on Nov. 4, 2005 




oUumission ^livil- 
amendment) 




Rriofincr nark aero frir T\/np C mpptincr tn hp hplH nn 4. 

Dl 1 Cl 1 i Ig JJdLiNdgC \\J\ 1 y (Jc V- II ICC U 1 Ig IU UC 1 1CIU Ull *-r 

Nov 2005 


9/29/2005 


Submission 
(meeting request) 


0048 


Meeting request to discuss the Phase III protocol 
amendments 


9/27/2005 


Submission (follow- 
up safetv report) 


0047 


Follow up to Mfr. No. AMI000080 


9/13/2005 


Submission (follow- 
ud to safetv report) 


0046 


Follow up to Mfr. No. AMI000072 


9/9/2005 


Submission (initial 
safetv report) 


0045 


15-day Safety Report for Mfr# AMI000080 


8/25/2005 


Submission (annual 
report) 


0044 


Annual Report -2005 


8/19/2005 


Submission 


0043 


Draft Clinical Study Reports for Studies 62745-3 and 
62745-4 


8/15/2005 


Submission (initial 
safety report) 


0042 


15-day Safety Report for Mfr# AMI000073 and 
AMI000072 


7/19/2005 


Submission 
(meeting request) 


0041 


Request for Type C Meeting - CMC discussion 


7/11/2005 


Correspondence 




FDA Minutes from June 21, 2005 meeting 


6/24/2005 


Submission 


0040 


Correspondence on FDA meeting held June 21, 2005. 


6/21/2005 






FDA Meeting on efficacy analysis & stat plan for Phase 
III pivotal studies 


6/20/2005 


Correspondence 




FDA pre-meeting response to questions to be 
discussed at June 21, 2005 meeting 


D/ ID/ /.UUD 


Ciin rv\ ■ c C 1 /"\ 1^ 

ouumission 




Cjihmiccinn nf PR" ^tiiHw nrnnn^al 
jU ui 1 1 ibbiu 1 1 ui r (\ Jiuuy jjiu[JUicti 




i hmi<i*iinri 

_J Li k/ 1 1 IIjjIUI 1 

(meeting package) 


0038 


Briefine Packaee for June 21. 2005 


3/16/2005 


Submission 
(pharm/tox 
amendment) 


0035 


Nonclinical study reports 


3/11/2005 


Submission 
(meeting request) 


0034 


Request for a Meeting to review Phase III study 
endpoints and statistical analysis plans 


12/10/2004 


Submission 
(protocol 
amendment) 


0033 


Amendment to Protocol 62745-5 





^0ubmissioniQM|pi 

jjjjgjiilii^ 






9/8/2004 


Submission 
(protocol 
amendment) 


0029 


Amendment to 62745 -8 Protocol 


8/20/2004 


Submission 
(pharm/tox 
amendment) 


0028 


Nonclinical study protocols 


8/19/2004 


Submission (annual 
report) 


0027 


Annual Report - 2004 


8/5/2004 


Submission 
(protocol 
amendments) 


0022 


Revisions to Protocols -5, -6 and -7 


5/3/2004 


Submission 
(pharm/tox 
amendment) 


0020 


Nonclinical study reports 


4/2/2004 


Submission (new 
protocols) 


0017 


FINAL protocols submitted for Phase 2 studies: 62,745 
-5, -6, -7 and -8. 


1/29/2004 


Submission 


0015 


Draft clinical protocols and stat plan (Protocols 62,745- 
5, -6, -7, & -8) 


11/7/2003 


Correspondence 


> 


Minutes from FDA for Oct. 9, 2003 meeting 


10/21/2003 


Correspondence 




Meeting responses/overheads from Oct. 9, 2003 
meeting with FDA 


10/2/2003 


Correspondence 




FDA pre-meeting response to questions submitted in 
Briefing Package for Oct. 9, 20 03 meeting 


9/10/2003 


Submission 

V n^r pill i»0 ¥ V V 

(meeting package) 


0014 


Briefing Package for FDA meeting scheduled on Oct. 9, 
2003 


8/26/2003 


Correspondence 




Meeting Confirmation for Oct. 9, 2003 


8/5/2003 


Submission 
(meeting request) 


0013 


Meeting Request - End of Phase II 


7/24/2003 


Submission 


0012 


Annual Report -2003 


4/21/2003 


Submission (safety 
report) 


0011 


Report of subject death in study 62,745-3 (unrelated to 
study drug) 


1/15/2003 


Submission (initial 
safety report) 


0009 


SAE notification 


9/13/2002 


Submission (annual 
report) 


0008 


Annual Report 2002 


7/18/2002 


Submission (new 
protocols) 


0007 


hinai rnase z study protocols 


4/30/2002 


Submission 
(Pharm/tox and 
clinical 
amendment) 


0006 


Nonclinical study (interim) reports; Clinical study 
reports; additional details on ferumoxytol dosing 
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3/14/2002 


Submission 
(protocol 
amendment) 


0005 


Amendment to Study 62745-2 protocol 


11/2/2001 


Correspondence 




Safety update on the first 5 patients dosed in the 
62,745-2 study; no AEs reported 


10/2/2001 


Submission (new 


0004 


Protocol for Phase 1 study 62,745-2 


7/13/2001 


Submission 
(protocol 
amendment) 


0003 


Amendment to Study 62,745-2 protocol 

■ 


7/13/2001 


Correspondence 




FDA confirmation for initiation of Study 62,745-2 


7/12/2001 


Lorresponaence 




Discussion with FDA on ferumoxytol dosing and 
administration in Study 62,745-2 


7/12/2001 


Lorresponaence 




Submission of study 62,745-2 details 


7/11/2001 


ouomission 


0002 


Dosing details for single dose study 


7/11/2001 


Correspondence 
(response to 
information 
request) 




Details on planned nonclinical studies in support of 
ferumoxytol dosing in clinical studies provided 


"7/11 /*5nni 


Correspondence 




Teleconference with FDA regarding nonclinical studies 
in support of ferumoxytol dosing in clinical studies 


6/29/2001 


Correspondence 




Letter from FDA acknowledging receipt of IND 62,745 


6/26/2001 


Submission 


0001 


Final reports and new protocols for nonclinical studies 


6/14/2001 


Submission 


0000 


Initial IND Submission 


Note: The following serial numbers contain the submission of FDA Forms 1572 & CVs for New 
Investigators: 0089, 0084, 0082, 0080, 0075, 0073, 0070, 0067, 0063, 0061, 0057, 0056, 0054, 0037, 
0036, 0032, 0031, 0030, 0026, 0025, 0024, 0023, 0021, 0019, 0018, 0016, 0010. 
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IND 58,254 - Submissions Log 



(Feraheme™ Imaging) 



' * Date 

' ■ ■ ' ~vf ' ■' '■ ■ ■' 


Submission or" 
{jZorresppnqence. 


* Serial ** • 'V\Vv'''"'-P V Description , ^ ; : r V : 


5/4/2009 


Submission 
(follow-up 
safety report) 


0053 


Follow Up Safety Report tor Mtr. # 2009PADUU1UUUUUZ 


4/17/2009 


Submission 
(protocol 
amendment) 


0051 


Protocol Amendment for FER-PAD-001 


4/1/2009 


Submission 
(initial safety 
report) 


UUbu 


1 c n-»/ c-sfo-H/ PanArt for ^/lfr if ?nnQP a nnm nnnnn9 
id uay oaTcty nepon iur iviir. # ^uu7rnuuuj.uuuuuz. 


j/ iu/ zuuy 


Clin ty\ i c c ! n 
ju U 1 1 1 lob IUI 1 

(other) 


0048 


Submission of DSMB Charter for Study FER-PAD-001 


lU/lD/ZUUo 


Q i i r\ m I cc i/"% i"\ 

ouurnibbiun 
(annual report) 


0043 


2008 Annual Report 


9/12/2008 


Submission 
(follow-up 
safety report) 


0041 


15 Day IND Safety Report from Investigator Sponsored Study 


9/4/2008 


Correspondence 
(initial safetv 
report) 




7 Day Safety Report Mfr Report # AMAG-2008-0002 




**uh minion 

JUUI 1 1 1 »JJ > w 1 1 


0040 


Notification on Change of Company Corporate Address to 
Lexington, MA 


8/19/2008 


Correspondence 




FDA Letter granting Fast Track Approval for PAD program 


7/3/2008 


Submission 
(new protocol) 


0039 


New clinical Protocol FER-PAD-001 and an updated 
Investigator Brochure 


6/19/2008 


Submission 


0038 


Request for Fast Track Designation for ferumoxytol VE-MRI 
program 


5/30/2008 


Submission 


0037 . 


Resubmission of request for Fast Track designation 


5/16/2008 


Correspondence 




Letter from FDA regarding request for Fast Track designation 
for ferumoxytol PAD program 


3/24/2008 


Submission 

■ 


0036 


Request for Fast Track Designation for ferumoxytol Vascular 
Enhanced Magnetic Resonance Imaging (VE-MRI) program 
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|Kerialfellj 




3/1 3/7008 


C 1 1 h rv~\ 1 c c i rt 
JUUI T llbblUI 1 

(safety reports) 


0035 


Mfe reports: AMI000175 ; AMI000080; AMI000072 ; and 
AMI000073 


8/13/2007 


Submission 
(annual report) 


0034 


2007 Annual Report 


7/31/2007 


Submission 


0033 


Change in company name to AMAG Pharmaceuticals 


5/29/2007 . 


Submission 


0032 


Updated Investigator Brochure (May 22, 2007) 


3/30/2007 


Submission 
(pharm/tox 

dilicllUiUciii/ 


0031 


Nonclinical study report 


3/26/2007 


Submission 
(pharm/tox 
amendment) 


0030 


Nonclinical study reports 


3/23/2007 


Submission 

(CMC 
amendment) 


0029 


Stability data update 


2/9/2007 


Submission 

(CMC 
amendment) 


0027 


Stability data update 


2/9/2007 


Submission 
(pharm/tox 
amendment) 


0028 


Nonclinical study reports 


8/2/2006 


Submission 
(initial safety 
report) 


0026 


Safety Reports from 62,745 -9 study 


7/24/2006 


Submission 
(annual report) 


0025 


2006 Annual Report 


4/20/2006 


Submission 
(pharm/tox 
amendment) 


0024 


Nonclinical study reports 


2/22/2006 


Submission 


0022 


Copy to FDA on safety information notification to clinical 
sites 


8/25/2005 


Submission 
(annual report) 


0020 


2005 Annual Report 


8/16/2005 


Submission 
(initial safety 
report) 


0019 


Safety reports for Mfr# AMI000073 and AMI000072 


3/14/2005 
9/20/2004 


Submission 
(pharm/tox 
amendment) 
Submission 
(annual report) 


0018 
0016 


Nonclinical study reports 


2004 Annual Report 
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_ fl 

. ; _^ 








5/3/2004 


Submission 
(pharm/tox 
amendment) 


0015 


Nonclinical Study reports 


7/3/2003 


Submission 
(annual report) 


0014 


2003 Annual Report 


9/12/2002 


Submission 
(annual report) 


0012 


2002 Annual Report 


8/16/2002 


Submission 
(protocol 
amendment) 


0011 


Amendment for Study 58,254-5 protocol 


3/8/2002 


Submission 
(new protocol) 


0009 


btudy doZdh-d protocol 


12/11/2001 


Submission 
(new protocol) 


0008 


Study 58,254-4 protocol 


7/19/2001 


Submission 
(annual report) 


0007 


2001 Annual Report 


9/23/2000 


Correspondence 




FDA comments on nonclinical studies 


8/22/2000 . 


Submission 
(new protocol) 


0006 


Study 58,254-2 protocol 


7/21/2000 


Submission 
(Pharm/tox 
amendment) 


0005 


Nonclinical study protocols 


7/5/2000 


Submission 
(annual report) 


0004 


2000 Annual Report 


10/14/1999 


Submission 
(response to 
information 
request) 


0003 


Response to Pharm/Tox questions from FDA 

• 


7/zi/iyyy 


Submission 
(protocol 
amendment) 


0001 


Amendment to btudy //zo-ui protocol 


7/1/1999 


C nrrocnnnnpnro 
V-UI ItrofJUIIUcllLc 




FDA comments on nonclinical Droeram. CMC and clinical 
protocol 


5/20/1999 


Correspondence 




Additional CMC information 


5/11/1999 


Correspondence 




Acknowledgement for IND submission 


5/5/1999 


Submission 
(initial IND) 


0000 


Original IND submitted 



Note: The following serial numbers contain the submission of FDA Forms 1572 & CVs for New 
Investigators: 0054 ; 0052, 0049, 0047, 0046, 0045, 0044, 0042, 0023, 0021, 0017, 0013, 0010, 0002. 
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Attachment F 



( 



ASSIGNMENT 



ASSIGNOR ; Ernest V. Groman 

Kenneth G. Paul 
Timothy B. Frigo 
Howard Bengele 
Jerome M. Lewis 

ASSIGNEE : Advanced Magnetics, Inc. 

61 Mooney Street 
Cambridge, MA 02138 

STATE OP INCORPORATION OF ASSIGNEE : Delaware 

INVENTION : HEAT STABLE COLLOIDAL IRON OXIDES COATED WITH 

REDUCED CARBOHYDRATES AND CARBOHYDRATE 
DERIVATIVES 

ATTORNEY DOCKET : 1275/190 

SERIAL NO : Not Yet Assigned 

FILED : Herewith 

Assignor is the sole inventor (if only one inventor is listed above) or a joint inventor (if 
more than one inventor is listed above) of the above invention (the "Invention") described in a 

J 

United States patent application (the "Application") bearing the above attorney docket number 
and having as a title the above name for the Invention. The Application has a Patent and 
Trademark Office filing date and serial number as indicated above, or if no filing date and serial 
number are shown, has a Declaration executed by Assignor contemporaneously with this 
Assignment. 

For valuable consideration, receipt of which is acknowledged, each Assignor hereby 
assigns to Assignee (which term shall include Assignee's successors and assigns), all of 
Assignor's right, title and interest in the Invention, all improvements therein, the Application and 



all priority rights arising therefrom, and any patents, and any reissues and extensions thereof, 
which issue in any country upon any patent applications which correspond with any of the 
following: the Application, any divisional, continuation-in-whole, or substitute United States 
application which is based on the Application; or any continuation-in-part United States 
application (including divisions, continuations-in-whole or -in-part, and substitutions thereof or 
therefor) based in-part on any of the above described applications. 

Each Assignor further agrees that such Assignor and Assignor's heirs and legal 
representatives will, without further consideration, cooperate with Assignee in the prosecution of 
all of the above applications, execute, verify, acknowledge and deliver all such further papers, 
including applications for patents and for reissues and extensions therefor, and instruments of 
assignment and transfer thereof, and will communicate any facts known to Assignor relating to 
the Invention, to obtain or maintain or enforce patents for the Invention and improvements 
therein in any and all countries and to vest title thereto in Assignee, Each Assignor further agrees 
that such Assignor will, without further compensation to Assignor during the term of such 
Assignor's employment by Assignee and thereafter for reasonable compensation as determined 
' by Assignee, perform such other acts as may be reasonably required when requested by Assignee, 
including attending depositions, preparing and executing declarations and affidavits and 
testifying as a witness, to obtain or maintain or enforce patents for the Invention and 
improvements therein in any and all countries and to vest title thereto in Assignee. 



-2- 



IN WITNESS WHEREOF, each Assignor hereby executes this instrument on the date set 
forth below, 



Date: 

STATE OP S^fc^ , 
COUNTY OF y// 




Ernest V. Groman, Assignor 




) ss. 
) 

Before me, a notary public in and for said county and state, personally appeared Ernest V. 
Groman, to me known to be the person described in the foregoing instrument, who, being first 
duly sworn, acknowledged his signature on the foregoing instrument in my presence and declared 
the same to be his free act and deed on the date written above opposite his signature. 



(seal) 




Nqtary Public . ^ 

My Commission Expires: y€A^^X / 



Date: 



COUNTY OF9>^ > ^ ^ ^ ^¥ 



STATE OF 



) ss. 
) 




Kenneth G. Paul, Assignor 



Before me, a notary public in and for said county and state, personally appeared Kenneth 
G. Paul, to me known to be the person described in the foregoing instrument, who, being first 
duly sworn, acknowledged his signature on the foregoing instrument in my presence and declared 
the same to be his free act and deed on the date written above opposite his signature. 




(seal) 



Notary Public 



My Commission Expires: MY COMMISSION EXPIREf 

J * 2-5-2004 



Date: 



■1-3- CO 




Timothy B. Krigo, Assign 




STATE OF M$55flCtfUS£TT5> ) 



COUNTY OF ftflPPl£5£X 



) ss. 
) 



Before me, a notary public in and for said county and state, personally appeared Timothy 
B. Frigo, to me known to be the person described in the foregoing instrument, who, being first 
duly sworn, acknowledged his signature on the foregoing instrument in my presence and declared 
the same to be his free act and deed on the date written above opposite his signature. 




(seal) 



>tary Public / / / 

[y Commission Expires: 4v 7/d? 0 



Date: 



3 ~^>-C?0 




y ' 



erome M, Lewis, Assignor 



STATE OF fllfcStfctjVSefT^ ) 



COUNTY OF /)W?Pl£2£X 



) ss. 
) 



Before me, a notary public in and for said county and state, personally appeared Jerome 
M. Lewis, to me known to be the person described in the foregoing instrument, who, being first 
duly sworn, acknowledged his signature on the foregoing instrument in my presence and declared 
the same to be his free act and deed on the date written above opposite his signature. 




(seal) 



otary Public 
!\!y Commission Expires: ^M/fitf 



110746 



t 



Date: 



'?> - ^ - (TO 



STATE OF MMWrfHW*) 
COUNTY OF A) IDOMSeX ) 



Howard H. Bengele, Assignor 



) ss, 



Before me, a notary public in and for said county and state, personally 
appeared Howard H. Bengele, to be know to be the person described in the 
foregoing instrument, who, being first duly sworn, acknowledged his signature on 
the foregoing instrument in my presence and declared the same to be his free act 
and deed on the date written above opposite his signature. 




'ML 




Notary Public 
My Commission Expires: 




(seal) 
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U.S. DEPARTMENT OF COMMERCE 
Patent and Trademark Office 



To the Honorable Commissioner of Patents and Trademarks: Please record the attached original documents or copy thereof, 



1. Name of conveying party(ies): 
Ernest V. Groraan 
Kenneth G. Paul 
Timothy B. Frigo 
Howard Bengele 
Jerome M. Lewis 

Additional names(s) of conveying party(ies) □ Yes (3 No 



3. Nature of conveyance: 
E) Assignment 

□ Security Agreement 

□ Other 



□ Merger 

□ Change of Name 



Execution Date: March 3, 2000 and March 6, 2000 



2> Name and address of receiving party(les): 
Maine; Advanced Magnetics, Inc. 



o 



Internal Address: 
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Street Address: .61 Mooney Street 









City; Cambridge 



„ State: MA_ ZIP: 02138 



Additional name(s) & address(es) attached? □ Yes 13 No 



4, Application number(s) or registration numbers(s): 

If this document is being filed together with a new application, the execution date of the application is: March 8, 2000 

A. Patent Application No.(s) 



B. Patent No.(s) 



Additional numbers attached? □ Yes IS No 



5. Name and address of party to whom correspondence 
. concerning document should be mailed: 

Name: Sonia K, Guterman 

Internal Address: BROMBERG & SUNSTEIN LLP 



Street Address: 125 Summer Street 



City: Boston 



State: MA ZIP: 02110 



6. Total number of applications and patents involved: ^Jljj 



7. Total fee (37 CFR 3.41 ): $ 40.00 



S3 Enclosed - Any excess or insufficiency should be 
credited or debited to deposit account 

□ Authorized to be charged to deposit account 



8. Deposit account number: 
19-4972 



M/10/eoOO DHfiUYEN 00000284 09521264 



DO NOT USE THIS SPACE 



9. Statement and signature. 

— To the best of my knowledge and belief, the foregoing information is true and correct and any attached copy is a true copy 
of the original document, /y ,/ 

ft, (^^^a^\ March 8, 2000 



Sonia K, Guterman 
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I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF 
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT 
COPY OF THE CERTIFICATE OF OWNERSHIP, WHICH MERGES; 

"AMAG NAME CHANGE SUB, INC.", A DELAWAjRE CORPORATION, 
WITH AND INTO "ADVANCED MAGNETICS, INC. " UNDER THE NAME OF 
"AMAG PHARMACEUTICALS, INC.", A ' CORPORATION ORGANIZED AND 
EXISTING UNDER THE LAWS OF THE STATE OF DELAWARE, AS RECEIVED 
AND FILED IN THIS OFFICE THE TWENTY-FOURTH DAY OF JULY, A,D. 
2007, AT S:44 O'CLOCK A. M, 



0926007 8I00M 
070848306 




Harriet Smith Windsor, Secretary of State 
AUTHENTICATION: 58 68 7 72 



DATE: 07-24-07 



State of Delaware 
Secretary of State 
Division of Corporations 
DBlivexBd OBiSl M 07/24/2007 

FILED 08; 44 AM 07/24/2007 
SUV 070843848 - 0926007 KTLE 

CERTIFICATE OF OWNERSHIP AND MERGER OF 

AMAG Nome Change Sub, Inc., 
' a Delaware corporation 

with and into 

Advanced Magnetics, Inc., 
a Delaware corporation 

It is hereby certified that: 

1 , Advanced Magnetics, Inc, {"Parent" or the "Corporation ") is a business corporation 
organized and existing under the laws of the State of Delaware, 

2, Parent owns all of the issued and outstanding shares of capital stock of A MAG Name 
Change Sub, Inc. ("Subsidiary"), which is a business corporation organized and existing 

' under the laws of the State of Delaware, 

3, Parent hereby merges Subsidiary with and into Parent. 

4, In connection with the merger of Subsidiary into Parent, Parent hereby changes its 
name to AMAG Pharmaceuticals, Inc, 

5, The following is a copy of the relevant recitals and resolutions adopted as of June 29, 
2007 by the unanimous written consent of the Board of Directors of Parent under Seotion 

' 141(f) of the Delaware General Corporations Law ("DGCl") approving the merger of 
Subsidiary with and into Parent under Section 253 of the DGCL: 

"WHEREAS: It is in the best interest for the Corporation to change its name to AMAG 

Pharmaceuticals, Ino,; 

WHEREAS: the Corporation may change its name without stockholder approval under 

Section 2S3 of the DGCL by forming a subsidiary, causing that subsidiary to 
merge into the Corporation, and including in the certificate of ownership and 
merger a provision that the Corporation is changing its name; 

WHEREAS; the Corporation desires to form a wholly-owned subsidiary, AMAG Name' 

Change Sub, Inc., a Delaware corporation (the "Subsidiary"), to merge with 
and into the Parent, so that Parent will be the surviving corporation and can 
change its name pursuant to Section 253 of the DGCL; 

WHEREAS: there has been submitted to and considered by the members of the Board an 

agreement, and.plan of merger (the "Merger Agreement*) by and between the 
Subsidiary and Parent providing for the short-form merger (the "Merger* 1 ) of 
the Subsidiary with and into the Parent pursuant to the DGCL and' further 
providing that all of-the assets and liabilities of the Subsidiary will become , 
assets and liabilities of the Parent pursuant to DGCL Section 259 .and that the 



(13065O4IP; 2) 



WHEREAS: 



Parent will change its name to AMAG Pharmaceuticals, Inc. pursuant to 
DGCL Section 253(b); and 

the undersigned deems it advisable and in the best interests of the Corporation 
to approve and to consummate the Merger and that a Certificate of Ownership 
and Merger (the "Merger Certificate") be executed in accordance with DGCL 
Section 103 and filed with the Secretary of State of the State of Delaware and 
that any other appropriate documents and acts be executed, delivered and 
performed; 



NOW, THEREFORE, BE IT: 
RESOLVED: 



RESOLVED: 



RESOLVED; 



RESOLVED: 



RESOLVED: 



RESOLVED: 



RESOLVED; 



that Parent cause Subsidiary to be formed and issue 1 ,000 shares of Its capital 
stock to Parent at its par value per share of $0,001 in exchange for $L00 cash 
so that the Subsidiary will be a wholly-owned subsidiary of Parent; 

that Parent, a Delaware corporation and owner of all of the outstanding shares 
of Subsidiary, which is also a Delaware corporation, become a party to the 
Merger Agreement and undertake the Merger and thereby merge Subsidiary 
into the Corporation pursuant to the provisions of the DGCL and take 
ownership of all of the assets and assume all of the liabilities of Subsidiary; 

that Subsidiary shall be merged with and into Parent upon the effective date of 
the Merger pursuant to the DGCL and Parent shall continue its existence as 
the surviving corporation pursuant to the DGCL; 

that in connection with the Merger, Parent's name shall be changed from 
Advanoed Magnetics, Inc. to AMAG Pharmaceuticals, Inc. and lhat Article 1 
of Parent's Certificate of incorporation, as amended, be further amended as 
permitted by Section 253 of the DGCL to reflect suohname change; 

that the Issued and outstanding shares of Subsidiary's capital stock shall not be 
converted In any manner, nor shall any cash or other consideration be paid or 
delivered therefor, inasmuch as Parent is the owner of all outstanding shares 
of Subsidiary, but each said share which is issued as of the effective date of 
the Merger shall be surrendered and extinguished; 

that officers of Parent are hereby authorized to enter into the Merger 
Agreement on behalf of Parent and to execute the Merger Certificate and 
cause it to be filed with the Delaware Secretary of State; and* 

that the Board of Directors and the proper officers of the Corporation are 
hereby authorized, empowered and directed to do any and all acts and things, 
Zanrf to ni^e/px^cute, dejiver, file, and/or.record any and all< instruments, 
papers and doouments which shall be or become necessary, proper or 
convenlentto carry out or put into effect any of the provisions of the Merger 
herein provided for; 



{B0650<H9;2} 



IN WITNESS WHEREOF, Advanced Magnetics, Inc. has caused this Certificate of 
Ownership and Merger to be signed by an authorized officer on the 24th day of July, 2007, 

Advanced Magnetics, * nc ' 
a Delaware corporation 



By: /s7 Jose ph L. Farmer • 
Joseph L, Fanner 
Its: General Counsel & Vice 
President of Legal Affairs 
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1 



COMMONWEALTH OF MASSACHUSETTS ) 



COUNTY OF SUFFOLK 



) SB. 

) ' 



I hereby certify that the attached document is a true certified copy of the original 
document 



•* \ ' * 




Anna M. Daley 
Notary Public 
My Commission Expires: August 30, 2013 




(seal) 
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REND CORRESPONDENCE TO:. DIR ECT TELEPHONE CALLS TO: 

Barbara J. Carter Barbara J. Carter 

Bromberg & Sunstejn LLP (6 17) 443-9292 

125 Summer Street 
Boston, MA 02110-1618 ." 

Oust: No. 02101 ^ _. vj 

ASSIGNEE': 



CONWAY, John L, 48,241 

NOLL.Kathryn 48,811 
TUYTS.CHAE VERS , Thomas 42, 1 90 

CARTER, Barbara J. 52,703 

HESS, Robert 57,41 1 

HEY WARD, Moses 6 1, 1 40 

LOVELY, Jonathan 60,821 

MICHNA, Jacob 61,033 

ZWICK, David 41,393 

BLAU, David 60,625 
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STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent Owner: Groman, Ernest V. et al. 

Application No./Pate n t.No i ;6,599,498 Filed/Issue Date: 29 July 2003 

Entitled: Heat Stab!e Colloidal Iron Oxides Coated with Reduced Carbohydrates and Carbohydrate Derivatives 



AMAG Pharmaceuticals^ Inc. 

(Name of Assignee) 

states that it is: 



t a Corporation 

(Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 



1 . % tne assignee of the entire right, title; and interest; or 

2. an assignee of less than the entire right, titie and interest 
(The extent (by percentage) of its ownership interest Is 



%) 



in the patent application/patent identified above by virtue of either: 
A. 



OR 

B. 



An assignment from the inventdr(s) of the patent application/patent identified above. The assignment was recorded In 
the United States Patent and Trademark Office at Reel , Frame . or for which a 

copy therefore is attached. 



X a chain of title from the inventor(s), of the patent application/patent Identified above, to the current assignee as follows: 

1 . From: Groman, Ernest V. ct al. To: Advanced Magnetics, Inc. 

The document was re'eorded in the United States Patent and Trademark Office at 

Reel 010862 , Frame 0276 , or for which a copy thereof is attached. 

2. From: Advanced Magnetics, Inc. To: AMAG Pharmaceuticals, Inc. 

The document. was recorded In the United States Patent and Trademark Office at 

Reel .020431 , Frame- 0232 , or for which, a copy thereof is attached. • 



3. 



From: To: 

The document was recorded in the United States Patent and Trademark Office at 

p ee l t Frame ' , or for which a copy thereof is attached. 

Additional documents In the chain of title are listed on a supplemental sheet. 

> 

v As required by 37 CFR 3.73(b)(1 )(i), the documentary evidence of the chain .of title from the original owner to the assignee was, 
^ or concurrently is being, submitted for recordation pursuant to 37 CFR 3.1 1 . 

[NOTE' A separate copy (I.e., a true copy of the original assignment docurrient(s)') must be submitted to Assignment Division in' 
accordance with 37 CFR Part^ to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose titie is supplied below) is authorized to act on behalf of the assignee. 

/Barbara J. Carter, '#52/703/ 
Signature 

Barbara J, Carter 
Printed or Typed Name 



October 27, 2008 
Date 

(617)443-9292 
Telephone Number 



Attorney for Assignee 



Titie 



„ „ , . . .. te rfln[1 ,. Dri hu o 7 cfr T 7Vb\ Tha Information is required to obtain or retain a benefit by the public which is to ftla (and by the USPTO to 

fo, Patanls, P.O. Box 1450, Alexandria, VA ,„ co(np/e( ,„ ? m fgm cell ^no-PTO-m^nd select option 2. 



